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ABSTRACT

The strengths of the relationships among species and genera of North
American Salmonidae are assessed from published data on hybridization,
coloration, and other attributes. The genus Selmo shows the greatest intra-
seneric variation. Phylogenetically, Selmo gairdneri is as close to the species
of Oncorhynchus as to Salmo salar; and Salmo trutte, at the other extreme,
is about midway between 8. sazlar and the species of Selvelinus. The genus
Salvelinus is a closely knit group. Of its'species, Salvelinus marstoni shows the
closest affiliation with Salmo.

Published data are scanty for several species and the methods of taking and
recording data vary so widely that comparison of data taken by different
investigators is hazardous.




RELATIONSHIPS AMONG NORTH AMERICAN SALMONIDAE

By GEORGE A. ROUNSEFELL, Fishery Research Biologist
BUREAU OF COMMERCIAL FISHERIES

This paper is third in a series in which I am
attempting to compile and evaluate published 1n-
formation on North American Salmonidae. Defi-
nition of the relationship among species 1s ex-
tremely complex and although I would preferably

avoid the subject, it must necessarily be considered

in order to decide on the grouping of taxa for
evaluating the significance of various life-history
phases. In such a plastic group as the Salmonidae
there are all shades of differentiation from the
species down almost to the individual., With our
present knowledge, probably the best we can hope
to do 1s to gain some appreciation of the relative
closeness of the relationships between taxa.

Basically, we are not so much concerned with
whether two populations of any one specles of
Salmonidae differ phenotypically as we are with
their response to similar habitats. Differences m
physiological reactions may be just as real as those
morphological differences which can be demon-
strated statistically.

In our zeal to be objective and quantitative, we
must not overlook many of the nonmorphological
characteristics that, although perhaps more diffi-
cult to assess, nonetheless may show very real dif-
ferences. 1 am speaking of such things as color,

spawning habits, migratory tendency, growth rate,

age at maturity, attainable size, temperature toler-
ance, and doubtless other yet undefined character-
1stics inherent. 1n different strains.

The use of such new approaches as serological
techniques and paper chromotography may fur-
nish a clue to differences not readily discovered
by the classical morphological approach. Counts
of the chromosomes, while rendered difficult by the
large numbers involved, may be of great taxo-
nomlc value, at least at the species levels.

In discussing classification of the Salmonidae 1t
is Instructive to commence by observing the rela-
tionships among the North American genera.
Following the basic work done by Vladykov
(1954) we chose tentatively to consider Cristi-
vomer as a separate genus, resulting in four North
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American genera, C'ristivomer, Solvelinus, Salmo,
and Oncorhynchus.

Since all salmonids spawn in fresh water (pre-
sumably their ancestral home), the anadromous
habit may have evolved gradually from popula-
tion pressure and a higher survival of fish feeding
1n the sea.

In the genus Cristivomer this seagoing habit (1f
ever present) is almost if not entirely lost. The
genus extends in lakes with sufficient cool oxygen-
ated water in summer (only deep, stratified eu-
trophic lakes toward the southern part of ifs
range) across North America from arctic Alaska
to eastern Quebec. Since 1t is lacustrine and
seldom enters streams, the fact that only one
species, (. namaycush, covers. this entire area
might seem a Iittle surprising; usually long-
isolated populations tend to develop distinguish-
able morphologic differences. This lack of differ-
ences over such an extended range might be cited
to postulate a theory of fairly recent origin for the
genus, which however is geologically untenable;
but there may be other reasons why differences
falled to develop. Differences between 1solated
populations usually develop through environ-
mental selection. In stream-dwelling fish where
environmental differences between localities are
often large the selection may be rather severe, but
C'ristivomer inhabits a relatively stable lacustrine
habitat that differs little from lake to lake.
Furthermore, most geneticists support the postu-
late (National Research Couneil, 1956, p. 16) that
mutations are induced by naturally occurring radi-
ation : “To the best of our present knowledge, 1f we
increase the radiation by X%, the gene mutations
caused by radiation will also be increased by X %.”

Folsom and Harley (1957), from data of Labby
(1955) and George (1952), have estimated that
radiation from cosmic rays at latitudes midway
between the geomagnetic equator and 55° N. (geo-
magnetic) decreases, because of the shielding effect
of the water, from 35 millirads per year at the
water surface to 10.1 millirads at 10 meters, 4.86 at
20 meters, 1.40 at 50 meters, and only 0.47 milli-
rads per year at 100 meters. Folsom and Harley
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also estimate the internal radiation for a large fish
at 28 mrad./year. Thus, whereas a fish living
near the surface (in fresh water the radiation
activity from the water itself is estimated at less
than 0.5 mrad./year) would receive a total of 63
mrad./year, the total dose received would fall
rapidly with increasing water depth to 38 mrad.
at 10 meters and from 33 to 28.5 mrad./year from
20 to 100 meters. A surface-living lake fish would
therefore receive about twice the radiation dose
of a fish living below 20 meters.

Most of the salmonids would receive an even
heavier radiation dosage than the 63 mrad./year
for lake fish at the surface since most of them
spend some time in streams, often streams too
shallow to afford any shielding effect, in which
they would receive additional radiation from the
naturally occurring radioactive emitters in the
rocks, which varies from about 23 mrad./year for
sedimentary rock to about 90 for granite, accord-
ing to Folsom and Harley.

It has been suggested that in part of their range
(1.e.,In the deep lakes of the Precambrian shield)
lake trout might be subjected to considerable radi-
ation, particularly in the egg stage or during ex-
tended periods spent on the bottom. In the ahsence
of data to refute this suggestion it must be con-
sidered as a valid criticism of the above hypothesis.

To what extent a lowered mutation rate in
Créstivomer (which we may perhaps assume from
the foregoing discussion of radiation received)
could have slowed down the evolutionary processes
would be difficult to appraise. An alternate pos-
sibility 1s that ('ristivomer, during its adaptation
to severe conditions in the periods of glaciation
that preceded its separation into many isolated
colontes, may have lost many of the alleles needed
for readaptation to less severe climatic conditions.
That this could perhaps be the case is indicated
by the ultimate upper lethal temperatures tolerated
by various salmonids (Rounsefell, 1958). The
young of the other genera all tolerate higher
temperatures than the young of C'ristivomenr.

Whether Cristivomer or Salvelinus is more an-
clent in origin 15 a moot question that can be
argued from different angles. It could be argued
that Cvristivomer developed from Cristivwomen-
Salvelinus ancestry in North America while
Salvelinus was simultaneously developing in Asia.
Later, perhaps, as conditions ameliorated, Salveli-
nus mvaded North America, either over an Asian-
North American land bridge, or from the sea.

Cristivomer, now isolated in deep lakes, unable
without the nest building habit to spawn effectively
in streams and unable to tolerate the higher tem-
peratures found in most streams, would be unable
to make a reciprocal invasion of Asia.

The theory that Cristizomer became recogniz-
able 1n its present form at least as early as the last
glacial period is supported by Henshall (1907)
writing about the Montana grayling—

It is very probable that the Arctic grayling was the
parent stock from which the Michigan and Montana
graylings descended; and from the fact that the habitats
of the three species are so widely separated, it is not un-
reasonable to suppose that the Michigan and Montana
forms were conveyed thence from the Arctie regions dur-
ing the Glacial period. This theory is strengthened by the
fact that Elk Lake, a half mile from the Montana gray-
ling station, is abundantly inhabited by both grayling and

the lake trout {Cristivomer namaycush), which latter fish
is found nowhere else west of Lake Michigan.

Salmoe might seem to be more ancient in origin
than Oncorhynchus, which is confined to the North
Pacific and Arctic Oceans and is much further
adapted toward an anadromous existence. Salmo
ranges in the western Atlantic from New England
to Ungava Bay, thence to southern Greenland and
Iceland ; in the eastern Atlantic from Portugal to
the White Sea. Since Salmo (Dymond and Vlady-
kov, 1934) 1s limited on the western side of the
Pacific to the Kamchatka Peninsula, it would not
seem likely that it had a Pacific origin. Mottley
(1934b) suggests that during the next to the last
glacial period the joint ancestors of Salmeo and
Onecorhynchus were separated into a Pacific and
an Atlantie group, the former evolving into On-
corhynchus and the latter into Salmo. During the
interglacial period, Salmo was able to migrate
from stream to stream across the continent to the
Pacific coast—an impossibility for the strongly
anadromous Oncorhynchus,

Neave (1958) suggests that Oncorkynchus
evolved from Salmo in the western Pacific, citing
in support. of his theory the fact that Q. masown is
more primitive than otherspecies of Oncorhynchus
and 1s more closely related to Salmo. He states—

In due course the newly evolved offshoot spread back
through territories occupied by more conservative lines of
the ancestral stock., This process of reinvasion was facil-
itated by increased adaptation to ocean life and was ac-
companied or followed by a further splitting up into
several species.

None of these explanations suffices to explain

fully all of the interrelationships.



NORTH AMERICAN SALMONIDAE
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There are very few morphological characters
by which the various species can be unmistakably
identified because— |

1. The latitudinal range of many of the species
is so wide that the meristic characters, which
usually show a latitudinal cline, are quite variable
for the same species in different localities (see
Mottley, 19344a).

9. For those species with fresh-water forms
there is a tendency for the geographically isolated
populations to develop slight differences.

3. Anadromous and fresh-water dwelling fish
of the same population may show environmental
differences in form or coloration. Some of these
differences, especially color, have been shown by
Wilder (1952) to be reversible in Salwvelinus
foniinalis.

4. In fresh-water forms there may also be alti-
tudinal clines. In some instances, these seem to
involve retention of juvenile characteristics. For
example, the parr marks in the golden trout,
Salmo gairdneri agua-bonita, and the piute trout,
Salmo clarki seleniris (see Snyder, 1940).

The foregoing does not mean that there are not
valid species. Any experienced fisherman has no
difficulty in separating the five species of Pacific
salmon at a glance, even though most individual
characters overlap in their range. Specles are
recognized by a combination of characters and
most taxonomic descriptions encompass only a
few of those most readily taken and easiest to
reduce to numbers.

ATTRIBUTES ANALYZED TO INDICATE
RELATIONSHIPS

HYBRIDIZATION

One line of inquiry that yields a clue to inter-
relationships comes from hybridization exper:-
ments. Within recent. years several investigators
have obtained chromosome counts of salmonids
(table 1). In the few species studied, the diploid
number ranges from 60 to 84, Of course-number
alone is not always the controlling factor. Thus,
in describing experiments with the crossing of
Salmo salar, S. trutta, Salvelinus alpinus, and §S.
fontinalis, Alm (1955) writes—

The chromosomes of the Brown trout and the Char are,
in spite of being the same number, greatly differentiated
from one another and the former are more homologous
with those of the Salmon. The Brook trout and the Char

chromosomes are more in agreement with each other than
with the other species.
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Fiaure 1.—Relative success of crossbreeding of Salmoni-
dae {(except Oncorhynchus). (Length of solid lines
shows relative success; see table 2 ; dotted lines indicate
failure; arrows, direction of male-female ¢ross.)

In comparing Salmo gairdner: and 8. salar
sebago, Buss and Wright (1956) noted that
“Bungenberg deJong has indicated (1955) a
marked difference in the chromosome structure ot
these species. . . .7

TaBLE 1.—Diploid chromosome number in certain

Salmonidae
Species Chromo- Authority
SOINEas

Salmosalar- o ___ 60 | Svirdson (1945),
Salmo salar sebago____ . _______.__ 60 | Buss and Wright (1956),
Salmo gairdneri___ ___________ Cm—— 60 Ev(ﬁgggn;n (1945); Wright

1 .
Salmotrutle. o _____ 80 Sv(ﬁlrdm)m (1945); Wright

B5b),

Salvelinus alpinus_ o ____.... 80 | Svirdson (1945); Alm (1955),
Salvelinus fontinalis. ______________ R4 B’Fﬁlégg?ﬂ (1945); Wright
Cristivomer namapcush . . ...__. 84 | Buss and Wright (1958).
Salmo salar X Saimo frulia_ . ___. 70 | Svirdson (1945); Alm (1935),
C’.'-?Sm-inaiycwjah X 8, fontinaliz (= 84 | Buss and Wright (1958).
; D e, :

From several sources we have compiled table 2
showing the results of certain crosses between spe-
cies of Salmonidae (Oncorhynchus is shown 1in a
separate table). To obtain a clearer view of the
results we have rated the success of each cross
from 1 to 6 (excellent to failure, see table 2). Al-
though this is subjective, it aids in studying the
results which are portrayed in figure 1.
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isuTCH another species, which suggests incompatibility of
the male sex chromosome.
The only experiments in crossing Oncorhynchus
with other Salmonide were those of Roosevelt
(1880) and Green (1881). In both cases male O.
tshawytscha from eggs taken in the Sacramento
River system were crossed with female S. fontina-
f8, and 1n both cases hybrids were raised to ma-
turity, but the hybrids were all females, and the
eggs would not hatch when fertilized with milt
. / from male S. fontinalis. |
\. Within the genus Oncorhynchus all five species
were crossed 1n both directions by Foarster (1935) ;
his results are summarized in table 3 and figure 2.

gy GORBUSCRHA

NERK A

FIaURE 2.—Relative success of crossbreeding of the five From figure 2, m which the length of each line
eastern Pacific species of Onchorhynchus. (Lines in- coincides with the subjective rating of table 3, it
dicate relative sucess; see table 3. Arrows indicate 18 clear that Zisuteh 1s rather apart from the re-

direction of male-female cross.) mainder of the species. This seems to coincide

| with the conclusions of Milne (1948) from a study
This figure shows 8. {rutta occupying a position of certain morphological characters which will be
between the Salvelinae and the other species of  discussed later. Natural hybrids of Z%eta and
Salmo, approaching closest to S. salar. The Sal- gorbuseha are not uncommon, and Hunter (1949)
veling appear to be a closely knit group, but not describes the examination of about 50 such hybrids
Salmo. It 1s surprising that trutte will hybridize, at Port. John, British Columbia; other natural
despite the difference in chromosome number with  crosses are more rare. The contribution of
both salar and gairdneri, yet the latter two so far hybridization toward understanding relationships
appear incompatible. No one has been successful  will have to be evaluated together with other
In crossing a male §. gairdneri with the female of  characteristics.

TABLE 2..—~Some interspecific crosses in Salmonidae
[Excepting Oncorbynchizs)

Fry sur- Hyhbrid Hybrid Bub-
Female Mule vival maturity | breeding Authority jective
ratingt
Selmo salar . oo __ Saimotrulla trutta. . __ o ___ Good..___. Low______ | Alm (1955) .. .. B 3
0 S. ¢ fario____ . ___ e o Low______ Low_ _____ | NP O 5
Do . Solvelinus alpinuws.______.___________ | I USRI (PR Ao ... i
Do S fontinalis . L L 0_._.. PRI FP e IR R do . 6
Salrro salar sebago___ .o . ___ Salimo gairdners_ . __ o oo ___ | N N Buss and Wright (1956) . _ . ________ 8
Sadmo trutta trulfa__________________ Saime solar. ..o oo Fair______. Low_.____ O ______ Alm (1955) . _ . e 4
S.tfero ... A0 e Verylow._ | Low._.____ O N do__.__ e 5
Salmo trufbe o S, anlar sebago__ . __________.__ el 0B e e . Buss and Wright (1956)_ __________ 5
Do .. T C. namayeush_ ... .. .- 0.06%, 1| I T O 5
Do .. Salmo gairdneri ._________________._ .. i S PPN R SRR 4 { TV B
Do e Salvelinus fontinolis_. . .___ e Y e 4 o 4
Seimo fario._________________________ S, QPINUS e Verylow. | _|e . Alm (1958) . .. U 5
Do ___________. e 8. fontinalis__ ____ _____ o ___ Tow____._. S SR S do_ .. e 4
Salmo gairdneri ______________ . .____|_.___ A0 e 00 8% e e RN Buss and Wright. (1956) ______.____ 5
Do Salmo trutte_ . 0-1.2% . . .| ____ NI N Ao, e J
Do Ao e Verylow__| Yes_______ Yes_______| Stokell (3949 _ . e 4
Do, C.namayeush_ . __ s I IS feeeem—en--.| Bussand Wright (1956)___._____.. 6
Do Salmng sqglay sebago_ __ .. _______ O e e MO _____ 6
Do S. elarid Tewidsi _ _________ . L Y [ E Simon (1946} ____.___________._.._. 4
Salmoclarki ________ _______________ Seadmo gadrdneri e Natursl . _[ Miller (1950) .. ___________________ 1
Selmogairdneri______ . _____.__ S.oelarki . I I Hybrids. _|._._. A0 o 1
Selvelinus fontinalis_________________ Salmo frubta. .. __ e 0.8 % Buss and Wright (1956)_ __________ 9
Do L | Salmo fario._ o ___ O e e Alm (985Y . e 6
Do e 8. gairdneri.___ . __ o __. O ________. I Buss and Wright (19568) . __._______ 6
Do . Salvelinus alpinus______________.___ Low______\ .. Alm (19585) ______________ e 4
PO Cristivomer namayeush ____________. 0.7% - oo Buss and Wright (1956) . _________._ 5
3 L U A Ao, | S N Stenton (1950, 1852) . ___ . _________ 6
Do .. Oncorhynchis tshawytscha. . _____. Fair___.___. Yes . __._ | I Roosevelt (1880); Green (1881)_____ 4
Sclvelinus alpinus _________________. Selmo ferio_. . _ . ______ . OW .- o e Alm {1968) . _ __ o __. 4
DO Salveltnus fontnalis. ... _______| Fairo..____|.__._.______ Fair_______[.____ do. . . 2
Selvelinus aureolus_ . ________.______ “Several other chars”. ______________|__. S P Yes_ ... Viadykov (1954). ... ___ ... NN
Cristivomer nomaycush__ . __________. S fontinglis_ . ______________ ... T Yes._..___ Good___.__ Stenton (1952)________ _______ . ____ 1
Do do_._.____._. e A 109, . __ Buss and Wright (1956) _________ . 1

I subjective ratings of relative success: 1, exesllent: 2, good; 3, moderate; 4, poor; 5, very poor; 6, failure,
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TABLE 3.—Results of crosstreeding species of
Oncorhyncehus

|First three columns from Foerster, 1935]

Sabjec-
Female Male Remarks tive
rating !
tehawyischa | nerkba.__._ .. Very poor. 1 iryfrom 762eggs________ i
Do____. kiswteh_ ______ Very poor. Only 15 abnormal fry H¥*
from 673 eggs,
Do__.__ kefa. .. ___ Nohatch. Eggsdied in early develop- 6
ment.
Do.__... gorbuscha.___| Excellent hatch of healthy fry__ . ___ 1*
kisutch______ tshawyischa . _ Nnt hatch, Egps died at the “‘eved” §
stage.
Do___.. CNETRG | Yery poor. Only 3 fry from 1,183 eggs_ B
Dot kela._.______ | No fertile epgs recovered._ . ____________ 6
Do __.: gorbuscha____| Moderate hatch. Fry abnormal._._._ i
nerke_______; {shawylscha ! EXxeellent hateh of healthy fry_______ 1*
Do___.. kisulch .. __ | Only (%u weak alevins from 900 eggs (all &
ied).
Da._._. Cheta ... CGtond hatch of healthv fry_ . __________ 2%
Da_____ gorbuscha_.._| Only 10 fry from 810 eggs (lived only 5
one month),
kefa. . ______ tsharwytscha__| Moderate hatch of healthy fry (“com- y il
pletely successfui’’).
Do_____ nerka_ _______ (Good hatch of healthyv fry____________ 2
Do_.___ Fisudeh____ Very poor. Only 5 fry from 985 eggs__ 5
Do.._._| gorbuscha___.| 166 healthy frv from 1,196 eggs_ . __ 3*
gorbuscha . . _| tshawytscha__| Moderate hatch of healthy Iry_______. 3*
Do.____| nerka..._____ Moderate hatch (excellent growth of 2t
normal individuals).
Do...__ Fisudch. ______ Nohatch. Eggs died during develop- ]
mert,
Do____. ket . ______. Excellent hatch of healthv fry________ 1*

*Male hybrids matured and bred successfully with nerke fermnsales,
**Hybrids held to maturity,

***Hybrids presumably held to matarity,
! Subjective ratings of relative sucecess: 1 excellent, 2 good, 3 moderate, 4
poor, & very poar, 6 failure,

COLORATION

The fact that a great many taxonomic studies
have necessarily been made on faded museum
specimens has tended to deemphasize the im-
portance of color in classification. Furthermore,
the heightening and changing of color in the
breeding season contrasted with the hiding of
color by the silvery guanin in marine species and
even during the lacustrine existence of adfluvial
specles, has made color a sometimes unreliable
tool for field identification in the salmonids.
However, there are several color patterns in Sal-
monidae that may be diagnostic; the genetic in-
heritance of color in some taxa has been so well
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documented (for instance in Lebistes) that color
should be treated with equal or perhaps greater
respect than many anatomical characters. In
this discussion we are not looking upon color
merely as a handy character for identification:
therefore, we are comparing coloration under
normal conditions. Some of the more evident
color characters of adults, not in breeding color,
are given in table 4.

The presence on the body of black spots and
black speckling characterizes Oneorhynchus and
Salmo with the excéption of 8. #rutte, which has
both the black spotting and the bright spots
otherwise reserved for the charrs. Since none of
the charrs (including Cristivomer) shows black
spotting, {rutta is intermediate in this character.

Rammbows and cutthroats agree in both the black
spotted tail and the bright lateral band. Both
characters are absent in S. salar and #rutta.

The dorsal vermiculations are conspicuous in
fontinalis and faint in aureolus and namaycush.
This close association is corroborated by the
hybridization experiments (fig. 1), which showed
fontinalis closest to namaycush.

The parr markings of young Salmonidae are
often useful in field identification, despite the
considerable variation both in number and shape
of the marks (table 5).

Parr marks are absent in gorbuscha. This would
seem to be associated with the life history since the
young pink salmon normally proceed immediately
to the sea so that they are in effect not parr, but
very small smolts, when they emerge from the
gravel. This theory is somewhat strengthened by
the fact that kete, which is only slightly less an-
adromous than gorbuscha (Rounsefell, 1958), has
parr marks which are not as dark as those of
tshawytscha, kisutch, or nerka, and which com-
mence fading at an early age.

TABLE 4.—Normal coloration in adult North American Salmonidae

Body spots (Caudal fin spots Black stripe
_ . . Bright Red streak un-| Vermicula- after white
lateral band | der maxillary | tions on back [edge on lower
Black spots Black and Light spots Large bluck Black Without fins
light spots spots speckling hlack spots
gorbuscha garbuscha
kisuich kizuich
ishawytscha ishawytscha
nerka nerka
keta keta
geirdneri gairdneri - gairdners
clark: clarki clarki clarki
salar salar
fraciic trufia trutfa trulic |
fontinalis fontinalis fontinalia Janlinalis
NaMaycush TEINGYCUIR namaycush
aureclus aireofus aureolus
aipinus glpinus
oquassn OqUGSSC
malma malma

637056 0—62———2
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TABRLE 5.—Parr marks ih young North American Salmonidae

Number of marks
Species Shade Shape Relation to lateral line Remarks
Range | Average
gorbuscha_ __________ 0 D f e e e | e e e e e e e ——— e —————
keta_ . 1612 oo Dusky.____| Elliptical to oval; slender___.._._. Chiefly above line .. _____._| Marks fade at an aarly age.
268-1D
tshawyischa__...___. 18-12 | Dark_____ Long wvertical bars equal to or | Bisected by line.
- wider than interspaces.

kisutch _______ ______ 180 | e, Dark__.__| Narrow wvertical bars, ahout one- | Bisected by line__________. Marks about one-half depth of
half width of interspaces usually body, rounder toward caudal.
narrower than in ishawylecha.

Nerks . _.eeviiae i 18-12 {ecm oo Dark. ....| Ellipticaltooval . _____. Immediately above line__.| Row of smaller blotches between

Enarr marks and median dorsal
e,

gairdneri ®_ __________ 1012 | mee Dark_____ Deep bars, narrower than inter-
spaces. 4

fratta. . oo e e et am i ————- Elliptical, of medium width.t. ____ Lowonbody______________ Small red blotehes befween marks.

SAlAr_ . @ e . 10-11 | Dark..._.| Vertical bars wider than Inter- | e o e ccccamcmm—- Do,
spaces.

malmal . . _ 2 L I SRR SR, Roundish blotches. On line

fontinalis_ __________. b7-11 9.0 b Large and pear-shaped.d

namaycush 5 _____ 9-11 L ¢ T Y S o R

sareolus & ... 11-12 10 7 ool e e e e e e | e e e ————

marstont §____.______. 10-15 12. 8 |- mr e arcrcm e mr o mmm e mmmmmmmmmm e | M cr G e A e man

alpinus ¢_____________ 11-15 12, 2 [ | e mimmmmmar mr e | —e e e mr —m

1 Chamberlain, (1907).
2 Foerster and Pritchard, (1935b).
3 Chamberlain (1907) says fry indistinguishable from &. clarki.

The young of §. salar and #rutta are difficult to
distinguish, as are those of 8. gairdneri and clarks.
The former agree in the small red blotches between
the parr marks, while the latter two have no col-
ored spots but agree in the light lateral band,
which is less conspicuous in ¢larki. The hybridiza-
tion experiments also show #ruiia closer to salar
than to gairdner.

The aforementioned relation of parr marks to
anadromy is indicated by the retention of parr
marks throughout life in some landlocked strains
of anadromous species. Thus Salmo gairdneri
aqua-bonita, the golden trout, and Salmo clarki
seleniris, the piute trout, retain their parr marks.

There are a few other color patterns which have
from time to time been used to distinguish between
certain species or gronps. Because information on
these color characteristics 18 lacking for all of the
Salmonidae we shall merely mention the char-

acteristic for the groups with such information.

¢ Bacon (1954, text and plate).
i Counts include the incomplete bars, Viadykov (1954),

Color of the mouth is used to distinguish On-
corhynchus (mouth black) from Salmo gairdner:
and clarki, whose mouths are white (Snyder, 1940,
Shapovalov, 1947).

Color of the roof of the mouth 1s given by
Vliadykov (1954) as black for Salvelinus fontina-
lis, blackish for §. aureolus, and white for &.
oquassa, 8. marstoni, 8. alpinus, and Cristivomer
namaycush,

ANADROMY

The degree of anadromy exhibited by various
taxonomic groups (see Rounsefell, 1958) may well
be of phylogenetic significance. Thus, when the
degree of anadromy was scored for each species of
Salmonidae according to a subjective rating of
several criteria it was found that the most anadro-
mous species belonged to Oncorhynchus. The next
highest rating for anadromy belonged to Salmeo.
Only slight anadromy characterized Salvelinus,
while Cristivomer was lacustrine. The ratings for
anadromy are listed in the following table:

Taxon Rating 1 Lacustrine Adfluvial Fluvial _-Anadromous
Optionally Adaptively Obligatory
Cristivomer_ ________ 0| namayensh_ |t | e ;e e e e i re | ——— e ar e -
' X {nquusm ____________________________________________________________________________________________
""""""""""""" 3.3 MAr8EOIE | B e —————
: DENUS e e e oo PIAUS - oo e e ] e
Salvelinus ... 4 | - {ﬂ‘ i e I TR R S
12-18 | e fontinalis__________ foniinalis_ .. _ . ___ fontinalds_ . |l eciamm—mmama—a—-
18 | e e malme___ . MR- o | et m———mm—mm e
2] | ee ETULER.. o e e (Ul e i g T ¢ 4 S PO F PN
199 | {ﬂlﬂ j:'ki Gosmenommn chr&if I elarki oo e v e
Salmo. c. henshawi__ ... 1717 (11 X S P T e
e 29 {gafrdmﬂ __________ gairdneri. . . . - gairdmeri_ __ | e cc e |echmrmm—— e ———m——-
"""""""""""" g. kamloops__.....__| g.agua-benifa_____ _| . |eeicmmmermmmc e e me e m e e -
24 {mlm'- ............ N D salar oo | o | e -
""""""""""" 8. 8ehBg0_ e || e m e emmm e e e | e e e mmm e —ema e rmmmm e | m e m o
40-44 | __ . . kénwerlyt . | e e merka. | e
46 | et | i mm e | e e | ——————————— kisuteh oo e et
Oncorhynchue_. _____ AT -0 | o | e e | e e e e | mm e tshawyische.
L 1 PO O s PR B kele,
B0 | e e e m e mm e e e e i gorbischa.

1 Degree of anadromy (Hounsefell, 1958; p. 180); the rating of & specles {s partly dependent on the axistence of subspecies, whichin some cases cecupy a

different habltat.
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MERISTIC CHARACTERS

In using meristic characters to distinguish be-
tween any two populations there are certain things
‘to bear 1n mind. Several investigators have estab-
lished that in some species some of the meristic
characters exhibit phenotypic variation mduced
by variations n environmental factors during
early developmental stages. For a review of these
studies see Taning (1952) and Seymour (1959).

By incubating and rearing chinook salmon, O.
tshowytscha, at constant temperatures, Seymour
(1959) showed that the fish formed the lowest

number of vertebrae at intermediate temperatures
(45°-55° F.), and higher vertebral numbers at 40°
and at 60°. He found, however, that this pheno-
typic variation was much less than the genotypic
variation when lots of eggs from four rivers, the
Sacramento, Green, Skagit, and Entiat, were in-
cubated and the fish reared at several constant
temperatures. The mean number of vertebrae for
all temperatures was about 66 for the Sacramento,
68 for the Skagit, 69 for the Green, and 72 for the
Entiat River. Asthe spawning season in different
localities tends to conform to the optimum local
conditions, the temperature-induced variation is
probably of even less importance than these con-
trolled experiments might suggest. The number
of individuals with abnormal vertebrae increased
In temperatures above 60° and below 40° F.
Seymour also found that low oxygen content of

- the water during incubation increased the number
of vertebrae.

“Branchiostegal Rays

Most meristic data on Salmonidae have not
been collected in such a manner, or are not suffi-
ciently extensive, as to yield a reliable measure of
the range of variation to be expected between
samples taken in different years or in different
localities. One of the best series of data is from
Chamberlain (1907) for sockeye salmon from six
streams in the southern portion of southeastern
Alaska for the years 1903 and 1904. Since none
of his samples had less than 100 individuals we
have made an analysis of his data, shown in
table 6, for the mean branchiostegal ray counts
on 4,686 specimens.

The number of rays is usually higher on the left
side as the left membrane normally overlaps the
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TABLE 6.—Mean count of branchiostegal rays in sockeye
satmon, southeastern Alaska, 1903 and 1904

Loft gide Right side Total
Loceality T
14304 1603 1904 1903 Leit | Right | Both
side side sides
Quadra 13.579 | 13.624 | 13.049 | 13.002 | 27.203 | 26.141 | 53,344
Yes Bay .| 13.986 | 13.030 | 13,820 | 13.343 | 27.016 | 26.672 | 54.588
Karta Bay. - . 13.835 | 13.721 | 13.330 | 13.143 | 27.576 | 26.482 | . 54. 058
Dolomi . __ 13.816 | 13.800 | 13.202 | 13.390 | 27.616 | 26. 682 a4, 298
\I{}wiskgl‘.y“““ 13.063 + 13.840 | 13.384 | 13.280 | 27.803 | 26. 664 ad. 467
1 egan o 13. 536 13.480 | 12,931 | 12,980 | 27.016 | 25.911 52, Y27
Total 82,7356 | 82,395 | 70.324 | 70.228 ;165. 130 |15%. 552 | 323. 682
Average: | ;
1904__ . » 162,080 /=13.506_ _ _ _____________ " -
1903 _____ 161. 623 §=13.469_ ______________ ;}13- 761 | 13.213 | 13.487
i

NoOTE.—Dagta from Chamberlain (1907); total of 4,686 specimens, samples of
100 to 513 individuals each,

right. Chamberlain states that “In no instance
was a clearly defined case of right overlapping
seen, though occasionally the right membrane car-
ries the higher number of rays.” Similarly,
Vladykov (1954, p. 909) found the number of
branchiostegals on the right side in all charrs
somewhat smaller than on the Ileft.
The analysis of table 6 follows.

Sonree of varlation DF, | Sum of Mean F
squares | sgquare
Total o e 23 | 2.423393 | 0. 105365
Between sides_____ ____________. 1 ] 1.802020 | 1.802020 | 503.047**
Between vears. o o oo 11 0.007921 | 0.007921 2210 N.5S.
Between localities____ __________ 5 1 0.555203 | 0.111041 30, 982%*
Interaction (errov)_ . ___________ 16 | 0.057349 | 0.003584

The significant difference in the mean number of
rays between the left and right sides was con-
firmed, as well as a significant difference between
localities, but the difference between years was

very small.

Repeating this analysis, but employing only the
number of rays on the left side, a significant dif-
ference is again shown between localities, but not
between years. If we 1gnhore the possibility of
ogreater differences occurring hetween years, we
staill find a maximum mean difference for the left
side of 0.506 rays between samples (13.986-13.480).
This suggests use of great caution in forming con-
clusions about interspecific differences in a meristic
character on the basis of small samples, especially
If the samples are not geographically representa-
tive.

If one compares this mean branchiostegal count
for (7. nerka from southeastern Alaska with the
average given by Foerster and Pritchard (1935a)
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for British Columbia and Puget Sound the dif-

THE

ference is 0.354. Considering that a difference of

0.506 was noted between adjacent localities In

southeastern Alaska, it would seem logical to add
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this geographical difference of 0.354 to the previ-

ous difference of 0.506, which gives a di

Yerence of

0.860 rays that can be expected between means of
samples of the same species.

The branchiostegal ray counts for various Sal-
monidae are summarized in table 7 and figure 3.
If we apply to the other species the criterion found
above for nerka of an expected “within species”
difference of 0.86 rays between samples we find
that the table clearly sets apart ¢. éshawyischa.
The next three species of Oncorhynchus, kela,
kisutch, and nerka are close together but separated
from gorbuscha. |

. namaycush is clearly distinet from the re-

maining charrs,

Another interesting point is that S. ¢rutia 1s
quite separate from saler or g. kamloops. This 18
reminiscent of the position of 8. #ruite (in fig. 1)
between the charrs and the other Salmo.

TABLE T.—Count of branchiosiegal rays on left side in North American Salmonidae

{x in frequency column indicates rays present, but no numbers given]

Number of rays Num- | Mean | Stand-
Species ber of [number| ard
_ speci- |ofrays | errQr
3 ¢ 10 11 12 13 14 15 16 17 18 18 mens
Onecerhyrnchus:
wrguacha L e o m e e e 8 30 i 136 121 23 y. S RS SO DU P 319 : 12. 392 . 053
merka Y e e e e e e 2 22 128 106 | i U VU PR D 275 | 13. 415 .52
Do e | e e 2 131 1,420 | 2,545 1 569 )12 2 I D DR 4, 686 | 13. 769 L0110
Lisutch V. e | e e e e e 1 51 50 .1 T ) ESRPN FEURR DU 127 1 13. 780 071
kel e e | e e e e e e - 4 52 40 27 3 e 135 | 13. B0OO 077
tshawytsche_ i mmmme e | e e e 1 0 13 43 6% 18 9 . lgg 16. 758 .083
Kalmo salar 2 _ o o eimmmmmm e f e X X A SENEURUSEUN JEVEVRURNIVNEUE DUUNSNUNUN DUSRUIPY FNVRVRUNURPN ENUNRUINE SUPRPRRDRTS R « |+ S R e e
L1711 2K SR NIPUSRURPRORPHPE DR FUPNPRPY (UOUVU SUPNCNIP PRPRpUPRpRE) PRpRpuptpRyny PEERVRUI PSS PRy P —— R PR 4 | 1.9  {___.._.__
airdmeri b o e e X X X e e e ot e e e e
friﬂkﬁmmops VUV RPN [PIVY PRSUVRSUON REOIPR UUPIPRE, POy IR SIS JUNGRIURPY RpRIoupv PROUPE PIORIIR R 213 1 11.51 040
e ) v A T R SN PEPU X X -4 FRURURNIUR [NURRIPNNINRONS PUSNPRVRP PEPNUIVRURTN UVNNEPTUY DUPIURIUSUNY DU SAOREUY UREUOE PR
I ag 817 I T PRUUUNURPNY DRUUSPRNRY [EDEVEVEPNS DURPIPRPUY RPUDUNIVRP PUVSPRSPR SUUURVRURIPUNE DUUUNUUMUURY UURURpRY PRPVRP PPN RGN [ 41 | 10.0 . __._._
pelinus; | |
e fontinalis T . e |- 1 19 27 | 20 PO DR (PR RN IR P 59 | 10, 847 . D98
DO Y o o o i —————— 1 21 190 193 % N [ DRI SIS, SRR B I R B 4.152 i{i] S’?S . 035
TS o o e v e = 3 4 2 2 VU SOV PUIRIUIRR WU NRIPY FEPUURP DR | I B
v IH]Zlhm N [SUNUURUNIY PUUIVE SNV [UUVRPRPRN NURVPUPUNY RUUNS RS FUPNPRPIE EURNpUp NSPRPIY UpSpupu [ SE—— 31 }E}g . 380
OGRS T o o i e mmm | mmmm e - R DN PRI DISOUNEUP SUNORD ISR IO DU D ) I P
gﬁfﬂﬂz‘mj RPN R 2 13 17 2 I E NN NS SUNNPIPN SIUEPIRNS I 34 | 10.559 . )80
a
marstoni T __ e e 4 34 ;9 P USRS IENNUTURIUITE SUVINTPUITES SPNPNIRN PRNRU NS B g? %{f gﬂ& ] lgg
R 1L % A A UUUNIUY MNP RICIPIUIPIN SUNVEPRDEN PUPUPUNORVR FEPNUEUIOR [RORIUURPRION SHUIPIPIDIOUUES PGP PRSpRpRy IRRSEpRpu PURNPRPN PRSP 11. ]
Crigtivomer:
namayeush 7 . NN USSR PEVEDRSIDR NI S 6 1 28 3 DSOS PRURRP PRSI PR S 36 @ 12,5888 . 244

1 Foerster and Pritehard (1935a); Puget Sound and British Columbia.

? Chamberlain {19807); southeastern Alaska.
3 Kendall (1936, p. 137).

t McoCrimmon (1949} ; eastern Canada,

¢ Shapovalov (1847},

Pyloric Caeca

& Mottley (1036); Kootenay Lake.
T Vladykov (1954),
8 Wilder (1952); Nova Scotia and New Brunswick,
I DeLacy and Morton (1643); Karluk, Alaska.

of their material may be listed slightly in error;

Since more material is available for Oncorhyn-
chus it has been considered first (table 8).
published material on caeca is usually listed by
categories and since different authors have used
different breaking points for their categories, some

The

thus, the number of caeca if listed from 96-105
would be given in table 8 under the category 95-

104,

The material for tshawytscha is extremely vari-
able but this 1s caused chiefly by the great differ-
ence between the counts for the Sacramento River



(Suisun Bay) and those for the Klamath River.
These two samples by McGregor (1923) are the
highest and lowest in caecal count. I suspect that
this variability is caused by some extraneous fac-
When the Klamath River counts are sepa-
rated into those caught at Requa at the mouth of

tor.
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TABLE S—Number of pyloric caeca in species of Oncorhynchus
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the river and those taken at the salmon counting
welr, 170 miles upstream at Klamathon, the weir-
caught salmon show a much lower count.
sibly, the upstream count was lowered on account
of the atrophy of the digestive tract prior to
spawning.

Pos-

Number of specimens of—

|
Number of kisuich nerka gorbuscha tshawytscha
caeca
Miine Miine Milne iPritchard|Pritchard|Pritehard Milne Town- Taown- Town- Town-
(1948) 1 | (1948)1 { (1948) 1 | (1945) ¢ | (1945) 3 | (1945) ¢ Sum (1948) 1 send send send send
(1044) ¢ | (1944) ¢ | (1944) " | (1944) 8
d5-bd | | S SRR NSRRI PSPPSRV P NSPRNIUITY ISP IR BRI I [
64 .. 1 L J TR SRR PEUURERSRPUR RUUDIEUENERUORU PEPIURURNIPRU PP PN DU DR
6574 .. R ) ¥ T FURUIES SRR RN NSRRI UNERREPIONIDRUR DNUUNPORUUu RN DU I RNPURP U
T84 ___ __ e 3 = 1) D FEUSPPURUURPIY PN PURUORDRUUREPRURPE EUUUEDRpRURP DU VN (R RSN DU
B4 e 3 40 | e e e L | [ R UROTURNY IUOVRUN (VORI SO
9104 . o 1 27 | TR DU A B | e e e e
105114 . 1 9 4 49 3 16 7 N S | O S [
116124 _ | mimm e maa 7 116 23 65 -3 ) S DS F R S 1 4
126134 e e 3 148 22 a5 273 |- 5 T 5 17
130144 o e e 12 119 21 TH 228 i o 14 4 20
1451564 e 4 77 16 54 151 | ._._ 12 12 21 42
156164 e e et m—em e e 4 21 8 26 59 1 10 26 9 17
KT I TP SUPR P 1 7 2 6 16 2 7 26 11 14
L7184 e e e e e e e 3 3 1 B 22 11 4
W85-194 e e e e .S U 1 3 1 2 i) 4 3
B95-204 . e e e e e e | S P 4 3 1
20204 e e mmm e | e m e e | m e e e A e |t meccma| et daa e am—— S P P
PVE224 e e ) [ DRSO FUROY PP 1 li ____________________ 1 1 A PO
e N DURISUUIUIRIUN [NENIUINEUPUNT FPRUEERIPENRRRES NSRRI NPNNIRIRTUPNSE DIPNPNRUDURURS SN RpRPRE FR SRR PR | S U [
i 15T . RN DN FPDRSIURPIUIPES T RURURU VRN DU PPN IR PIIE U 1 ) A U PP
2 L L U INURUIU [SEPRRIPY APIURRIVIRIE REVENRUPRNIPY EDUNISIREURP SNSRI RUUNORURURP FEUNPRRISERS PSP PIUY PUNSPUUUIH PRIV PR PP
Number of specimens_____ 17 122 42 H39 ab 347 1,023 8 51 123 70 118
Mean number of caeca._ - 75. b 80. 56 136. 3 133. 5 137 135. 9 134. 75 155.40 157.5 165. 8 162. 5 150. 5
Number of specimens of—. Percentage distribution
tshawylecha (con,) ketn
Number of caeca
MeGregor risulch nerka | gorbuscha | {shawyl- keia
(1623} 9 McGrepor| Parker | Parker Milne gcha
{1923} 10 | {1943) 11 | (1943) 12 Sum (1948) 1
& b
4h-bd__ . e ] e e e e e e e e e e e e 0.8 | e | ccimmmmamn | e
fito o i SRS PRSI DU SRR DUV U PN 5 9 % 0! I RPN SRR U
6574 e = EUEUEURRN DN EENNPIVITEE PRI PN PEVEPESP SRR 47.1 12. 8 || me e e
o8 e e e e e e e e 17. 6 24.6 || samememe e m
8004 e e, ) A P F F 2 | __ 17.6 328 | ___ 0.2 {oceeeeeo oo
Ob-104__. . _ ... NSRS SR ) SR RN DN P | N I 5.9 22.1 0.6 0,1 |ccaooeeo -
VWe-114 oo __ 2 3 b | o i S D 9.9 2.5 7.0 207 A I
115-124  __ _ _ ___ __ __ __ __________ 7 6 e 3 23 oo oo 20,6 28 |
125134 e 12 6 2 7 7 69 .| 26. 7 8.3 [ccceeeeem
135144 ___ . __ I G 4 ] 22 12 101 e e e 22.3 12,1 oo
145154 . G 3 5 ) 14 | U5 I VORUIOIURURPI NSRRI D 14. 8 18.0 | ...
165164 . ___ . | N P 13 43 13 133 e s | e e a2 5.8 15,9 | oo
165174 . e e 10 48 25 43 | e 1.6 171 |
175184 __ o |em e e 14 31 11 100 4 | 0.3 12. 0 20
185194 . >IN 18 | 20 7 63 R S, IO 0.3 7.5 10
195204 e e 10 R 2 29 d e |amcmmmiace] e 3.0 135
205214 e e B 3 2 3 10 S PP RGN (VIR 1.2 20
i I o7 S DRIV DENURRNN RS R SR 2 5 S DU 0.1 0.2 25
Pt e Y NN (U PR PSRN PUSIR U R 1 | [ P SENURURUUS P 0.1 5
235244 e e e e . NN DU PN 0.2 |oce
245-264 oo e e e e R P IO NN P 5
Number of specimens__ . 42 24 K1 221 97 835 20
Mean number of caeca_ - __ 137. 5 126, 2 178 165. 7 162. 7 160. 68 205.0

1 3keensa River, British Columbia,

? Queen Charlotte Islands (¥

streams).

3 Vancouver Island, Morrison Creek.,
t Lower Fraser River (5 streams).

8§ Cowlitz River, Wash.

8 Middle Fork, Willamette River, Oreg.

T McKenzie River, Oreg,

# South S8antiam River, Oreg. '
! Klamath River (a, at Requa, mouth of river; b, at Klamathon racks,
170 miles upstream).

it Baeramento River.
It Sacramento River, _
12 Sacramento and San Joagquin Rivers,
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FIGURE 4.—Mean numbers of pyloric caeca. (Lines in-
dicate the 20th and 80th interpercentile range.)

If we disregard McGregor’s samples the intra-
specific variation in the mean caecal count is
small, ranging from 150.5 to 165.8 for fshawyischo
and from 133.5 to 1387 for gorbuscha. This is a
small range in relation to that for the five species—
from 75.5 for kisutch up to 205.0 for keta.

The data for the remaining genera are far less
extensive so they are combined with the summary
Tor Oncorhynchus ,in table 9. In figure 4 the
means are given as well as the approximate 20th

TARLE O—Count of pyloric caeca in North American

THE FISH AND WILDLIFE

Salmonidae
Range in Approx-
' number 1 mate Mean | Number
Species percentiles | number | of speci-
‘ | of caeca | mens
Mini- | Maxi-
mum | mum | Q20 | Q30
Oncorhynchus:?
kisufch______________ 55 114 67 8a 8. b 17
nerfd_ . ... 45 ! 114 75 97 85. 5 122
gorbirecha . _ _________ 95 | 224 120 | 147 134, 8 1,023
tehawytscha__ . ___ 85 244 | 142 | 179 1680, 7 835
kete. . _____ 175 249 ;¢ 185 | 221 206. 0 20
Salmo:
saler 5. _____ 40 4 & (%) 55, 4 561
gairdnert 5. ______ o 25 54 35 50 42 11
Dos_ _____ e 39 61 | __{-____. 50 16
clarki 8 _________. e 27 40 | e 33 11
| Do.7_ . 23 80 |- ___ 4. 3 71
Salvelinus:
Jontinalis 8_______.__ 20 49 33 45 38. 4 30
Dotb_______ ] 23 48 291 38 32. 5 47
malma ¥ _______ 20 39 24 32 27.9 114
alpinus Y. _________.. 30 64 35 b3 46. 0 62
Dot 20 59 33 47 39.1 | 16
aureolus b___________ 30 1t 49 54 49 45 9 ! 35
oguassa 8 _____ oo e o e 30 1
omarstoni S ___ 20 49 33 44 37. 7 34
Cristivomer:
namaycush o __ 9b 170 | 112§} 143 126. 7 55

! Upper and lower limits of groups unless given by authors.

¢ References for Oncorhynchus in table 8.
¢ Belding (1940); eastern Canads.

¢ Btandard deviation, 4.03.

5 Milne (1948); Skeena River.
¢ T'ownsend (1944); Oregon.

7 DeWitt (1854); northern California.
! YViadykov (1954).
 Mortonn and Miller (1954); presumably these data include counts for

maedma and alpinus by DeLacy and Morton (1943), Karluk, Alaska.
10 Omnly 1 specimen beyond category of 70-79; distribution extremely skewed.

SERVICE

and 80th percentiles. Obviously, Oncorhynchass
and Cristivomer differ markedly from Salmoe and
Salvelinus in number of caeca.

In number of pyloric caeca, as In number of
branchlostegal rays, . namaycush differs
markedly from Salvelinus and is close to Oneor-
hynchus.

Fin Rays

The comparison of fin-ray counts is rendered
daffienlt by differences in counting methods used
by different investigators. For instance, for the
anal fin counts of 0. nerka in table 10, Foerster
and Pritchard (1935a, p. 91) write—

In connting fin rays only developed rays, those which
had attained a length of one-half the length of the longest
ray, were included. The remainder were considered as

undeveloped. Care was taken to ensure that branched
rays did not lead to error in the count.

Milne (1948) apparently used the same method
since he comments (p. 73) concerning his differ-
ence In average count between 1946 and 1947—

. it ig possible although not probable, that during the
ﬁrst yvear (1946} less attention was focussed on omitting
rays less than one-half the length of the fin or in count-
ing branched rays as two with the result that a higher
count might have been recorded in error for 1946.

Chamberlain (1907, p. 89) writes—

In the fin-ray counts the totals of rudimentary and
branched rays are used, but the terminal half ray, which
varies greatly in development, is in all cases omitted.

It will be noted that the counts for (. nerka
given by Chamberlain are about 3 rays higher than
the others, owing doubtless to his inclusion of the
rudimentary rays. A good summmary of this diffi-
culty is given by Vladykov (1954, p. 911), who
writes-—

. there are technical difficulties in counting small
simple rays in front of the dorsal and anal fins. The best
way is to remove the skin and stain the rays with alizarin.
In larger specimens the stained fing should be dissected
and made transparent by placing in glycerine. To avoid
error in counting these small rays in unstained speci-
mens, some authors, as Kendall (1914, p. 24), counted
only “fully-developed” rays in the dorsal and anal fins.
Unfortunately there is no definition of the term ‘‘fully-
developed.” Some other authors count only branched
rays, which are plainly seen even without staining with
alizarin. Unfortunately the number of branched rays in
yvounger fish (parr) is smaller than in older individuals of
the same species . . .
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TARLE 10.—Couni of anal fin. rays in (. nerka

Number of specimens with fin ray count of— Number | Mean
TLocality . | of speci- { number | Year
‘ mens of rays
12 13 i4 15 16 17 18 19 20
Southeastern Alaska: !
Quadra. _ . e m | mmmmm e [ mmm e e e 2 56 277 167 8 2 510 18,24 | 1904
DO e e ee—mmmm e | m e mm | e mmmmm | m e [ m e m e o [ 65 276 148 10 497 18,20 | 1903
R = 1 2SSOSR SUPRPIURpI JUURuSpuptn) FEUIPU [TpRppR 3 B2 322 97 b 509 18.04 | 1904
D0 e e mmmmmmmmem | mmm e e[ e 1 42 207 49 1 300 18.02 | 1903
2% g Y & 7 ORI UNPIUPII: [EPUUPIUE PRSpR ST TS (R ——— 1 133 307 71 |oaooo 512 17.88 | 1904
DO e | e mw e [ ———- T RSSO P 1 114 268 87 |cceeaene 42() 17.81 | 1903
Kegan o e mem | m st i mmmm [ e oo | b 150 315 38 Iemens 510 17.76 | 1904
o TGP USURORUPVRUUPU IV PUVENIUPIVEY (UURFRVPRUpR SIS UG PRSP 2 32 56 8 2 100 17.76 1 1803
Dolomt e cmvmammmmmmmmm | mmmm e e - 10 248 238 16 | . 511 17.51 1 18904
DO e e—cmimmmmmm | e mmm e e [ m e [ e e - 13 85 86 | I I 200 17.48 | 1903
I (5} p 1) -4 ), 0NN PV PPV, (oo 1 33 257 212 9 1 513 17.39 | 1804
DO i e e cwemmmmmmmemae—]mmmm e |emmmmmm e | m e m - am T 44 46 - 2 R 100 17. 45 1503
Sum: .
1004 - o e emmmmem = | e e f e | am———— 2 8b 026 | 1,617 397 14 3, 065 17. 80
1908 e eeeemmmem s | m e | e edmmm e [ e e 24 JI82 049 249 13 1,617 17. 90
Both years_ o icmcmecc—cccccsmean|-cssmmre|mmmmmmem|ommaaa 2 9| 1,308 | 2,620 646 27 4, 682 17. 84
Unweighted average: |
1 £ 17 VU FUCHUUNPNEN FNUUEPAPNY RVREPIVEpIIPEN PROUIRUPR RSP URPIPRY puppupuspuuyey [pISUSpuESY USSP PRSI TSI 17. 80
1 12 01 SV UN ORI [P FRuvn) PN CUEY PO Spu s PR PREPREP PEEEEEEE PR 17, 78
Both ¥ears. e oo ccmmmr e e me o | mmmmmmm = [ mm e m e e e | e e e [ | e e e L e 17. 80
Skeena River, British Columbia: % |
Prince Ruapert. - oo mmme e e e e aaa 1 : af 60 1 | A S I 103 15,57 | 1946
DO e mmcamre———mumno e | c—————— 3 27 39 17 || ;romc e cc e e cmarw| e e e me 86 14, 81 1947
MorleetoWn. . e e mr e mmm | cmmm———— b 42 18 P58 (RSP PRVENEURRPE [PV PP 67 14. 25 | 1946
| I TSR SR 2 11 17 11 [ .ae ) S N FUUROT 42 14. 68 1947
Babine . eeemeeemmsme| = mm——— b 14 8 K SR ISP I F 30 14.30 | 1948
DO e e ] 9 = S I NNV DN DUNEUIO PR 14 14. 21 1647
Takelse oo mmmm e e - 1 8 - 0 R ISRV RN NPV PRSP 12 14. 71 1948
DO e iciemem—m—————————————— 2 4 o " S S DUROIPIPRTY [UUPVIPI SRR PR 15 13.73 | 1947
sum
1948 . . i cmmmm— e ——c—ean e 12 63 65 65 1 | N N ' 212 14, 90
1047 e —————mm e 2 10 92 -4 % i , I O DR 157 14. 70
Both years. e aam———-—- 2 22 120 125 93 1 2 U P 368 14. 81
Unweighted average:
1t Y L SRRV DUPVOUEVEVHPUYE FRURUUHRVRUy) PRIV PUUPUIVUREY UPUSPIRpRIoRS PRFURSPUS) PUpUPRIIN (RS REPRNUOR PRSPPI RSP RSRP 14. 57
110 ) AN PRSPV NI IR SR EUOUURR PRSI NN PRpIpIiys PP PRSPPI PR I4. 43
L 0oL A Tk £ IRV DU PRSI Ry FRPRE PSSR PRSI PEESPET PETEEEEEI PEEEEEES] RS r 14, 50 _
Southern British Columbia, and Puget Sound ¢ __|.o~--- 4 53 38 8 |coca|emmmmma e e oo 103 14. 49 | Mixed

1 From Chamberlain (1907).

2 Becanse published date by Chamberlain is in percentages a few of the
samples reconverted to actual numbers differ slightly from original sample
size, undoubtedly owing to rounding off of percentages.

In determining how much variation to expect
between' anal-ray counts within a species (table
10) we can only compare counts made by the same
investigator., In Chamberlain’s data, the maxi-
mum difference between sample means 1s 0.85
(18.24—17.839). In Milne’s (1948) data we can
compare only the 1947 data (see quotation above)
which leaves a difference of 1.25 (14.98—13.73).
Because of the small size of the Lakelse sample
this difference may be too large. -

A comparison of the means and ranges of the
anal-ray count in table 11 shows that counts in all
Oncorhynchus are definitely higher than in the

! From Milne (1948).
¢ From Foerster and Pritchard (1935a).

other genera. Salmo gatrdneri occuples an Inter-
mediate position between Oncorhynchus and the
charrs.

For dorsal rays, as for the anal, counting meth-
ods differed between investigators. Table 10 indi-
cates that Foerster and Pritchard (1935a) were
counting about 3 less anal rays than Chamberlain
was. The dorsal-ray count appears to vary some-
what less than the anal-ray count ; thus, for Cham-
berlain’s data on southeastern Alaska sockeye the
maximum difference between sample means 1s (.85
rays for the anal-fin count but only 0.51 for the
dorsal count (table 12).
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TABLE 11.—Count of anal fin rays in North American Salmonidae

[Counts adjusted to a complete count (see text); x indicates rays present in frequency column but no number given]

Hpoeies

Number of specimens with anal-ray count of—

10

11

12
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Number | Mean
of numbhber

specimens| of ravs
4,682 ¢ 17.84
369 17, 81
103 17. 49
131 1866
307 18.13
60 17.12
104 16. 73
o8 18,24
137 17.29
7 18, 58
Y 10,05
31 13. 77
215 12. 90

65 | ..
14 10, BE
455 10, B8
22 9, 46
1 11. 00
38 10. 3%
24 8. 79
18 g, 72

57 9. 0(?
63 9. 0("

L Chamberlain (1807); southeastern Alaska; complete count made.
2 Milne (1948); S8keena River; data adjusted by adding 3 rays {see table 10).
! Foerster and Prifchard (1935a); southern British Columbia and Puget
sound; data adjusted by adding 3 rays (see table 10).
t Milne (1048); Skeena River; data adjusted by adding 2 rayy (MeCrimmon
(1949) says 1 rudimentary and 1 unbranched in 8. salar and S. truite).

5 Bhapovalov (1947); California; 2 rays added.

4 b Mﬁtﬂeg}; 5{1936) , Kootenay Lake, British Columbia; 2raysadded; standard
eviation (.5.
{1;-1%311{1311 (1935, p. 137}; Pencbscot River; 2 rays added; McCrimmon
2 M eCrimmon (1949); count includes rudimentary rays.
! Vladykov (1954); complete count.
12 Wilder (1952); Nova Scotia; complete count.
I DeLacy and Morton (1943); Karluk, Alasks; count may be incomplete,

TABLE 12.—Count of dorsal fin rays in Q. nerka

. Number of specimens with fin ray count of— Number | Mean
Locality of number | Year
specimens| of ravs
9 1) 11 12 13 14 15 16 17 18
foutheastern Alaska:t
QUAaATa. e | e e e e e e A 12 225 265 11 1 1 515 14. 55 1904
Do e e e e e 13 212 256 19 | _ 500 14.56 | 1903
Yes Bay_ . . o e e S (- 9 211 274 13 v 28 S 509 14. 58 | 1904
DO SR IS 5 109 183 2 | I 300 14.62 | 1903
Karta Bay._ oo [ I 3 162 312 X 1T R 512 14.74 | 1904
LD« USSRV DU KN SN R 2 122 265 30 | S 420 14.78 | 1903
Kegan. e e e o e 13 277 211 | 1| O P 511 14.43 | 1904
5 UGGty PSRRI SN N S 2 57 40 1 I I 100 14.40 | 1903
Dolomi._____ PRSP RIPTY INUIIUREPE (FUUURPRN N 1 13 274 211 10 | e 509 14. 42 | 1904
Do e | e e e 6 107 82 i P I 200 14,43 | 1903
Nowiskay ..o e 28 209 175 W0 | e 512 14.33 | 1904
Boo e e e e e 7 61 30 . 2 R P 100 14. 27 1903
Sum:
1904 o e 1 78 | 1,448 | 1,448 89 3 1 3, 068 14.61 |.oooo.
008 e | e e e e 35 668, 856 59 b I 1, 620 14.58 |o oo,
Both years. .. crocemee oo b 1 113 | 2,116 | 2,304 148 5 1 4, 688 14,63 |-ooee.
Unwcighted average:
1904 __ e e | e e e 14. 51 | ...
1908 . e e e e e e e e e 14. 51 §-.._. e
Houthern British Columbia and Puget
Sound 2. e 1 12 66 23 . 20 (RPN FUUPURRUNUPNN JNUIRURUN NUNURPIIRE SN 104 11,13 |

1 Chamberlain, 1907.

? Foerster and Pritehard, (1935a); counts do not include all rays.

The meager data on dorsal-ray counts for all
specles are summarized in table 13, in which T
have attempted to adjust all data to a complete

count.

This shows that the overiap in the fre-

quency distributions of the dorsal-ray count is

Becsuse his published data are in percentages, a few of the reconstrueted samples differ slightly in

sample number,

sufficiently large that many individuals of Oneor-
hynchus can not be distinguished from the charrs
on the basis of dorsal-ray count.

It 1s worthy of note that 0. kisuich is lower than
the remaining Oneorhynchus in both anal- and
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dorsal-ray counts, suggesting a closer approach to
This coincides with the distant

the other genera.
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relation of Zisutch to the other Oncorhynchus
specles as shown in ficure 2.

TABLE 13.—Count of dorsal fin rays in North American Salmonidae

(Count adjusted to complete count (see text); x indicates rays present in frequency column, but numbers not given]

| Number of specimens with dorsal ray count of— Number | Mean
Species of speci- | namber
mert of rays
0 10 11 12 13 14 156 15 17 18
Oncorhynchus:
merka N e e 1 113 | 2,116 | 2,304 148 5 1 4, 638 14. 53
o RPN W DN U, 1 12 6 23 /2 DN R 104 14.13
gerbuscha ®____ e e 3 6O 210 24 || _____ 306 14, 83
i::-:aiﬂ-té:h e e 3 22 % ; g ........................ 109 13, 8%
17 1y RSy Sy RS RS pRpRY ISPIIPIPRPRE [NRPRIPRNY [ PSP JpR 5 I I P 137 14,61
S Ztahuwyt.s-chu SR NSRS NS I R 1 32 54 11 | O P ) 09 14, 79
qgimo:
salar 8 e e e e X X X
dradia 3 e e e e X X X
gairdneré 4____ . __________ b e X X X X
ﬂi k?{rﬂlﬂﬂps e e S P VIR OUOH (R RORUOUP PN (SR IR U IS [ 216 13.08
oAy A N FVIPE X X X X
Cristivomer:
A CUS 8 e e b e 2 o = 0 DY IR FUOEDIPRY [REUIURN FEDRTRUITY I 14 11. 14
Sailvelinus:
fontinalis ™ ________ | 2 0o 268 03 y:J0 (ERPVRUUNS PRV IR 455 12.0
Duﬁ-.ﬂ ...................................... 3 il 6 % ________________________________________________ 22 10, 32
L TR 2 £ DI PAPUPRVOVDIUUSIPRORY PPERPRURTS PSRy Pupyapepuppupin) B NN INUUGUUNRREORY ORI USRI RSN IIPNEPIURPRN [RSPRRS - i 12, 00
moarstent 9 __ o _._ i emcmmn e 2 16 20 ) I [N [SUNRUEUIRRPN DUNIUREDRITUP! DNEREIPRR I 39 11. 51
eUre0lue B e emmmm s 1 8 12 N DN [V FEEVEUEUIHNNS DSURPOR NN PRI SR 24 10. N1
Al pins & o e 1 : | 6 IR U IR PSSR U SNS R 17 11. 00
O e e e m e — e | m e | e e f e | m e e | e m e mm | m——————— wmmmmama | mmmmm e e e e e A7 10, 00
maelma 8. _ PR FNPIONNNNNINNS PRGUYRUUINUUE DIENURIPRUTRRY PSUPRURPRUUUN VNP EVNPRRSIURUNEE RNV SPRRIUINY NUNPTODIT M 654 10. 50

I Chamberlain (1907), scutheastern Alaska, complete count.
2 Foerster and Pritchard (19352), southern British Ceolumbia and Puget

sound, data adjusted by adding 3 rays.

3 MeCrimmon (1949,

¢+ Shapovalov {1947), 2 rays added.

Vertebrae

Because the methods used 1in counting vertebrae
vary, 1t 18 difficult to place all counts on a com-

mon basis.

Vladykov (1954) says that *‘all verte-

brae were counted, including three of the hy-
pural.” DelLacy and Morton (1943) state “In the
up-turned posterior end of the vertebral column
the fused vertebrae were counted as one.” Wilder
(1952) says “In counting the wvertebrae the uro-
style was excluded.”

i Mottley (1936}, Kootenay Lake, British Columbla (2 rays added, standard
deviation, 0.5.

8 Vladykov {1954), complete count,
T Wilder (1952), Nova Scotia, complete count.,
¥ DeLacy and Morton (1943), Karluk, Alaska, count may he incomplete

creased by either two or three vertebrae.

Obviously, vertebral counts of different investi-
gators may differ by as much as three vertebrae,
according to their method of recording. To place
all counts on a comparable basis (using the total
count) some of the published counts must be in-

Data

on vertebral counts are meager. Mottley (1937)
gives data, shown in table 14, which include counts
tor all of the North American Salmo.

iy
TABLE 14.—Count of vertebrae in genug Salmo
[Counts from Mottley, 1537]
Number of speclmens with vertebral count of— Number | Mean |
Species of Number | Variance | Standard| Standard
Speci- . of deviation| error
bY 6% H9 60 61 b2 63 64 65 656 687 mens | vertebrae

gatrdnert L oo oo SEUVURE ORI 14 10 | I R I 25 63. 48 0. 35 0.9 0. 117
g. kamloops 2__ e o e ;| 22 21 i B U FR 50 63. 46 .53 .73 .104

Do e N R S A 12 | | 12 64. 00 .0 0
Do e e e RO I 4 10 8 3 ... i I 25 63. 40 .83 | . 183
Dos . EURUURURUEUEUE PNV SN [VUNURNUINE NS I 1 fi 11 3 1 oo 25 63. 92 .83 J91 , 182
Dot e e i e e 1 A 6 | 9 R 17 63. 88 . 86 .93 . 225
Do’ i e e e e e e 13 j 2 [ (SN 25 63. 48 .20 .ol , 102
Do e e o e e 2 11 9 2 1 25 64. 56 . 85 .92 , 184
g. whilehorsei ¥ e e e T | me e | oo 7 17 17 6 22 D 45 63. &7 1.04 1.02 . 148
1 .1 T L [P FR I N E 6 23 15 : S I DU 50 63. 34 .44 . 66 . 093
Do e e e e e e 4 11 6 4 . 25 64. 40 .92 .96 . 191
elarki Voo e e e 1 12 10 ! 2 I RN 25 62. 52 Lol .71 . 143
freffe 12 __ . 3 12 Y ) I S ISUNRUUUOE FENRURRY FEVEUIURUIUEY PUPVRVEONS JUPRPRIPRTY DU 25 58. 32 .06 1 .75 . 150
safar VO ____ o |eoo__. 5 15 4 | S IS N PO SN DEVEDRNIEDEN PRSPPI DR 25 59. 04 .03 .73 . 147

1 Cowichan River, Vancouver Island, 1931; reared at Cowichan hatchery.

2 Redfish Creek, 1930.
8 Lardeau River, 1930.

¢ Penasik Lake, 1930; reared at INelsont hatchery.

¢ Paul Creek, 1931.

¢ Paul Lake, 1931; reared at Lloyd’s Creek hatchery.

7 Paul Lake, 1932.

637056 O—62

3

§ Paul Lake, 1932; reared at Lloyd's Creek hatchery.
§ 8-mile Lake, 1830.
10 g-mile Lake, 1930; reared at Nelson hatchery..

11 Cottonwood Lake, 1930; reared at Nelson hatchery.

12 Wisconsin stock, 1931; reared at Cowichan hatchery,
11 From Thurso River, Scotland, 1933; reared at Cowichan hatchery.
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Mottley’s counts are chiefly on fry or finger-
Iings 20 to 75 mm. in length. e stained the tis-
sues with alizarin and counted the last stained
centrum; since the urostyle did not stain it was
not counted, He writes—

In making a comparison with the data of other investi-
gators, however, it should be noted that in the caudal
region, if the centra were stained as discrete blocks they
were coultted separately, if the separation was not com-
plete they were counted as one.

Because the last two or three vertebrae were not
always separated in the very small fish, he found
a slight tendency toward a lower vertebral count
in the smaller fry. Therefore, although his data
can be used for interspecific comparisons in Salmeo,
they must be used cautiously in making compari-
sons with species of other genera.

The maximum mean difference between any 2
of the 11 samples of Salmo gairdneri is 1.22 verte-
brae (64.56 minus 63.34). Obviously S. gairdners
and clarki differ significantly from either salar or
trutta. Whether clarki and gairdner: or salar and

trutta can be distinguished by vertebral count can-
not be answered without additional data.-

For the genus Oncorhynchus, all available

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

counts except those for two small samples of adult
tshawytscha were made by Foerster and Pritch-
ard (1935b) on unstained young ranging from
7g Inch to 8 inches in length. According to their
statement 1t would appear that their counts do not
mclude the three upturned vertebrae in the tail.
Furthermore, there is some reason to suspect that
the number counted is related to size. Table 15
gives the estimate of the statistical parameters
for the five species and it may be noted that the
variance was highest (7.84) for nerka, which has
the smallest fry, and smallest (2.20 and 1.44, re-
spectively) for gorbuscha and tshawytscha, which
have the largest fry.

For nerka, the distribution of vertebral counts
is negatively skewed so that the mean, 63.73, is
about 2 counts below the mode (about 65.5). In
the bottom part of table 15 are shown the result-
ing estimates of the parameters for four species
of Oncorhynchus, when the counts causing this
extreme negative skew are disregarded. Although
tshawytscha shows the highest average count it
would seem unwise to use vertebrae as a distin-
guishing character between species of Oncorhyn-
chus until further data are available.

TABLE 15.—Count of vertebrae in genus Oncorhynchus

Number of young (7/8 to 3 in.) ! Number of adult 2
tshawytscha
Number of vertebrae Sum of
tshaioytacha
nerka kisutch keta gorbusche |tshawpytscha | MceKenzie (Willamette
River River
] T v/ VORI BRI ST B A R R
LU (SR P A RN RS I R
. 2 ) U FOUR VIR BRI S S A
. 3 1 | O Y ORI DRI FUURY D
B 3 i S T ) O R PR P I
B e it B | mmmm e e e e
B 6 2 N S D S NP I
O 9 18 2 ) O RN (AP N S
B4 5 21 7 2 o | e e e
- 12 10 8 14 1 | 2
o E e e e e e e e 18 D 21 11 1 i T r{
U A D 17 16 2 2 7 11
i e ORI SR I 6 4 15 | . 9 24
89 . SR U I I 1 B5 | ... 6 31
7 R I I I 18 || 18
o] (. AN S AR B | 6
0 e e SN (IR VN S R | I N DRI L
Number of specimens_________.___ ____ . _______ 62 68 67 50 69 D 22 100
Mean number of vertcbree____ .. _________________ 63. 78 63. 29 6d. 57 66. 00 69. 10 66. 11 G67.95 63, 68
Varianee_____ o 7.5%4 3. 11 3. 61 2. 20 1. 44 .37 .62 1.98
Standard deviatlon___________.___________ e 2. 80 1. 76 1. 90 1. 48 1. 20 .61 .79 1.41
Standard error_. ..o . 059 214 . 282 . 210 . 145 . 204 . 130 . 141
Range % _____ o 6267 62-66 62-6% i 1 R RN D E
Number______ 52 ab H3 - Y I N [N PN
Mean. . T B4. 73 63. 06 65. RY 6. 12 |||
Varlanee... .. oo 2. 54 1.02 2. 04 148 o e |
Standard devigtion.____________ __________________ . 1. 59 1.0 1. 43 L2 | e e
Standarderror.____.._______ oo . 220 . 142 . 180 B A S RN IO S U

NOTE, Believe
Pritchard say, . . . the

veriebrae projecting up into the tail can be counted’’,

these are 3 vertebrae short of total number, as Foerster and
segments beginning with the one immediately

behind the skull and ending with the one immediately in front of the long

¢ Townsend (1944); Oregon,
! Recapitulation of estimated sample parameters rejecting counts below
62 vertebrae (see text).

1 Foerster and Pritchard (1935b); Cultns Lake, British Columbia, except
gorbuscha which were fromm Masset Inlet, British Columbia,



Vladykov (1954) does not give the source of his
samples of Salvelinus (table 16) but comparison

NORTE

of the variances and ranges of his sample counts

with those of Mottley suggests (table 17) that
each of his individual samples may not be from
one locality. The great variation in both ranges
and variances casts doubt on the utility of making

any but very broad generalizations from these

avallable data, and also casts serious doubt on the
utility of using normal probability estimates for
describing distributions of discrete variables that

have such a small range.

Salvelinus fontinalis, apparently, is signifi-
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cantly lower in vertebral count than either .
namaycush or other species of Salvelinus.

The extremely large variances (table 17) in

some of the samples of Oncorhynchus are appar-
ently caused by undercounting in the smaller fry.
Therefore, in table 18 the adjusted values are used
for four of the species of Oncorhynchus.

The values for the vertebral counts are sum-

marized in figure 5, which shows that the count is
highest 1n Oncorhynchus and lowest in Salmo
salar, 8. trutta, and Salvelinus fontinalis. All of

the other species occupy an intermediate position

TABLE 16.—Count of vertebrae in Salvelinus and Cristivomer

[x indicates vertebrae present in frequency column, but no numbers given]

with respect to this character.

Number of specimens with vertebral count of — Number | Mean Standard:
Species of speci- | number |Variance ;| devia- | Standard
) || mens | of verte- tion error
58 59 60 i1l 62 63 64 65 66 67 68 | 69 brae

Soolpinus1___ | oo 1 1 4 0 3 2 0 P P 18 64. 81 4.16 2,04 0. 510
Dot e oo e | e X X | X X X o3 66. 7 1. 54 1. 24 A7
S.omarstont 1| e 1 1 1 b 13 7 P/ TN RS D 30 63, 90 1. 69 1.30 . 237
S.aureolus to________ | | e 1 3 2 5 ¢ (L SRR DRRIUTR ORI 18 G3. 78 1.72 1.31 . 308
S.ooguassal___ . __ || e | I DU DRI DR 1 00 e

S.malma? ___ || e X X X X 4 U IR PRI 37 64, 3 1. 06 1.03 .17
S. fontinalis \____________ 2 5 4 1 ) S RO FEPRUOR DUV R SRR IR PR 13 59, 64 1.28 1.13 312
Dol o e e e e e e 25 a9 68 | e
Dot e e e e e e 24 60. 04 | oo
C.namageush \________ | V. 1 ] 7 4 2 | O N NP PR 23 63. 04 1. 49 1,22 . 255

1 Viadykov (1964}

increased by 3 to include 811 vertegraa.

¢ De Lacy and Morton (1943); Karluk River, Aiasha count increased by 2

to include all vertegrae.

8 Wilder (1952); anadromous stock,

TABLE 17.—Ranges and variances of vertebral-count distributions
[Presumably Iindividual samples]

Moser River, Nova Scotia; count

1 Wilder (1952), resident stock, Moser River, Nova Scotla; count increased
by 3 to inclnde all verteprae.

Connt

Average range. .o ——— e

Variance;

0.41-0,80. _______ __TTTTTTTTTTT -

0. 81-1. 20

2. 41-2. 80
2. 81-3. 20
3. 21-3. 60
3. 614 00

g S o ME N N B R R bl wrd ] e mm o Ew aw EE L N L E ey — — —- T Er ER R EE EE N EE EEm EE RN EE EE R RN o m EE A PR ek e

- ew faowm RO R ol el mmcw oEm oEm o Er R B R N e e e N ey —— YT B P OB BN EE N M M BN BN B TR NN M M ML B B N B e BN ey —

T W ER e EE T T OB BN BN B BN SR BN AR U e e e e e e ey ey e e e W N N BN BN EEN BN NN T NN W BN WS BN BN Em

N EE ER JE. EN EE EE EF OB EE B e oy = T WE BN EEN EEN BN B BT BN BN BEN BN SN BN NN BN AN BN B L BN N BN R B B G e o

N N B EEN BN EN BN BN BN N N BN B B EE B LN LA ] M ey Aen B TE EE M M BN M M BN M BN ML BN SN B BN BE BN B o
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Frcure 5.—Mean number of vertebrae,

Gill rakers

Conunts of gill rakers made by different investi-
gators are somewhat more comparable than are
those of the vertebral counts. KEven here, how-
ever, there seems to be some question concerning
the compamblllt}f of counts between fish of differ-

FISH AND WILDLIFE SERVICE

all the gill rakers on both limbs of the first gill
arch were counted including rudimentary rakers

sometlmes present on large trout. He also writes
that—

The exceptionally low raker count for Bocabec trout is
possibly a result of the low average size (115 mm. sSL)
of the fish in this sample as there is some evi-
dence to indicate that raker count increases with size in
salmonoids. . .

Koerster and Pritchard (1935b) write concern-
Ing young Oncorhynchus—

From Table 1, in which is presented a summary of the
average numbers of gill-rakers for each 34-inch length
group for all species, it appears that in the very early
stages up to a length of 134 inches, there ig an increase in
the number of gill-rakers with inerease in size. Such a
change might be attributed to the overlooking of some of
the rudimentary rakers on the very small arches, but in
view of the fact that all counts were carefully made
under comparatively high magnification, it is unlikely
that such an error would have occurred.

The available gill-raker counts for Oncorhyn-
chus are given in table 19. Obviously, the count
of 0. nerka is significantly higher than that of gor-
buscha, which 1n turn is significantly higher than
the counts of the remaining three species. Because
the counts for Oncorhynchus are all for mature
adults returning from the sea on a spawning
migration, the factor of size of fish on gill-raker
count may be entirely disregarded.

If we disregard the two smaller samples of

tshawytscha (14 and 17 specimens), the largest

ent sizes. Thus Wilder (1952, p. 187) says that differences between means of samples of the same
TABLE 18.—Number of vertebrae in North American Salmonidae
Mean Adjusted values? Linadjusted range
Species Number of | number of Btandard | Standard
specimens | vertebrae deviation ? error 2
Number Mean Minimum | Maximum Total
Oneorhynchua:
tshawylscha_ oo o ____ 100 7168 || 68 75 7 - 1,41 0. 141
gorbuscRa . _ . 50 69. 00 49 65. 12 63 72 g 1.22 174
Reta . 57 68, §7 63 68, BB 62 71 9 1.43 . 180}
METRE e 62 66. 73 52 67.73 50 70 11 1. 59 - 220
KUt R e e 68 #6. 20 56 6. 46 6L 69 8 1. 01 142
Salmo: .
gairdneri kamloops_____  ________________. 179 63.75 || .ol 62 | 67 5 . 87 . (065
g, whitehowsei . ___________ . . __________ 124 ¢ 63.65 [ .o eeee 62 66 4 .99 090
gairdneri_ _ __ e 25 63. 48 | oo 63 &3 2 . 59 117
eclarki_ ___ . e e e e e 25 62,52 || ... 61 64 3 .71 .143
AT 235 50. 04 || .. 5% 61 3 .73 147
rudta . e 25 88, 32 | |- a7 ilH 3 s . 150
Saloelinus:
alPIRUS _ e 53 B0, 7 | | 65 G0 4 i 1. 24 .17
DO e 16 64.81 | |- 61 67 6 2. 04 . 510
malma _ T 64.3 || ___ 62 66 4 1. 03 17
TRArStont . e __ 30 6. 90 || 60 66 6 1. 30 L 237
GUTCOLUS oo i8 | G3. 78 | . e m e m e 61 65 4 1. 31 . 308
Jontinalis .. 13 50.54 |- _______ e eeeee 53 62 4 1,13 312
| B T 49 99.80 | oo _. PR DR DR PR PRI NS
Cristivomer: 5
Ay Csh o 23 63. 04 R e 61 66 5 1. 22 . 255

1 See bottom part of table 15 for treatment of these data.
4 Based on adjusted values for Oncorbynchus.

NoOTE.~—Insofar a5 possible was put on basis of total number of vertebras;

for details see tables 15-17,
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specieg are 1.78 for gorduscha and 1.19 for nerka,
which gives us some basis for judging the differ-
ences between the means of the much smaller sam-

ples of the other genera.
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The distributions of gill-

raker count are given for Salmo, Salvelinus, and
Cristivomer in table 20.

TABLE 19.—~Number of gill rakers on first ¢ill arch (left side) in Oncorhynchus

Number of specimens of—

ner&o gorbuscha
= = - = e x
[ [ b = 9 "
Nurmber of gill rakers 0 By o = ol ol -
— - ey = = - o = ay T [Ty wy
s la 5| 32 Bl 221 &8l g g &
- o e o of o e o ::-'
= | 3 3 3 3 = & 3 J n:! o S
& ot — = = = T o = = E 3 & 2
! et ey
EE | 5 | 8| 8| 8| ¢ B2l 2l&2 |22 4
Y bt u D 3] i i -E -E ﬁ -
5 p=; = = = & = = = A 3 & A &
. SRR VRV FRRUUPVRPE DNUU N PIURIRRP [P UGHRRP SUPR R IO v S N P | S U N 3
L S RUIPRNRITRTEISY [UORSUREPRPIRTpN PR ORU DUOUVREVRRErE PEEVENRUNUOUpE PPN P J P NN ESURPIURUNY SEUNPUURSERNY R U 2
21 U RORUIURRPU ROV ISRURURPRVIVE PIVIVEVIGUPRRT PUUIRPRUP EPRVISNOUR ARG PR JPUUR -, S D P | I I I 4
L GOSN ENIUUPIUY JEVURRPVRVRY PVNUREPUUN PRPUUEUPRDN JORUUVDINY RN TR (RS 3 8 ) S S 3 2 2 22
.« S U . | I I NP BRI 1 20 14 1 1 18 10 18 82
| SOV URS U VPV [ENURPEPRVN PVSREIOURURY EIOOROIPRI R pUPRR RPN oy 70 22 4 13 B5 22 91 287
B0 e = 1 | A DU, 1 1 4 111 24 11 23 118 38 146 471
Bl o e a——————— 2 . S P | I D i 79 9 15 37 110 23 125 308
B e e r——mam 6 2 3 2 1 14 30 2 8 21 55 8 62 186
B o e e —————— 18 8 6 5 4 41 & 1 I 3 10 o_____ 10 34
M o immm————— 51 18 16 3 6 101 |- 1 1 1 1 S I 3 7
3 e e ———————————— 74 15 20 23 9 | 2y [ (NN [N P P 1 | 1
A0 o e ———— 72 156 14 24 22 147 || emmmmmm e mmmmmmn | mmmmmmem e e e e | m e e
BT o o e e amm 48 14 10 20 11 108 | oo om e e e e e
B8 o e e ————— 32 - 8 10 10 60 | mclccmmm e o e e e e e
39 o m———— 13 e ememeoaa 3 2 18 | e e e e e e
Number of specimens_ . caveeo-—— 317 79 i7 08 66 636 318 & 46 09 386 103 457 1497
Mean number of rakers_________- 35.62 | 34.72 | 35.27 | 3573 35.91 | 35.62 | 30.11 | 2011 | 30.89 | 30.78 | 30.34 | 29.91 ! 30.35 30. 23
Number of specimnens of—
Percentage distribution
ishawylscha kela kisuich
i = -t ot =
Number of gill rakers Wik . — o . ay N
w3 | = | Z 98 | = <8 | -
55 & = Hea % 8 & S
oy ‘:-.'-" e e ‘-'-..L "!'..-:5 -:-' e o
5E 2 27 it £ & T 5 = 2
23 g 3 nd | & 2 3 = S S S S
g8 | = 2 8 | 2€ | T B | 88 | £ g £ S 3 S s
y p= - 0 = = 7 = = 0 - = kS =3 e
10 o e e | meme e | | memtm | cnmmn e [ ————— 1 1 4 1 B o] i |ommmm 0.5 3.3
20 e ;——— e 3 - 7 2 2 4 3 5 - T DO 3.8 2,1 9.3
2l e ————————— 10 | R 11 15 & 20 14 3 22 .. 6.0 10, 6 14. 6
2 i ———— 32 S 35 36 14 50 37 7 44 | .. 19.0 26. 6 29,1
yLs SO 45 6 2 33 60 13 73 50 5 L7, S P DU 28. 8 3R, ] 36. 4
24 i ————— 43 | 4 47 34 2 36 13 |oecema-- |2 T R 0.2 25. 5 19.1 8.6
2 e ———— 12 oo 6 18 - S 3 14 e . N 0.1 9.8 1.6 2. 6
26 o emicmmm e ———————— 6  Joooooo-ll ] 7 ) R | [URU N PR 0.3 3.8 LV T
O e o 1 2 1 : S NS NI IIOT PR CDRPIOUPRY FEUERURPDRTEN DIVEU 1.5 p . A R D
2o 1 | N IV P Z [P UPRUPURRPU PERRSERY B [ R 0.2 5,6 | IS O B
¢ TN SUNNEUPRVIPN DENPREPRPRVEOEY PEPIPRUDN FNUPRIPOUPUE) PEPROUPRORVVUNEY SUSUPUPRPUPRPIPRY HUUUEURUNUUU BUPTOUOUPRPEY DUPURPUIIURVE PR S 39,2 | o | eccccefmmmm e
;1 IV VOREVEU USR] FEVORUPUU PUUUPRR USSP PVUUS NNPIVR RPIUIEDIRITEY IR DUPPUPPRYY DRSSPI Py ! 0.6 3.9 | e e e mm
.3 [ IO UPUE SUPVIPUR] UUSPUURIRpIvn] PERUPVERVIURE USERUPVRUEY PURUPUIPUOR) PR e | e i 0.9 26.6 | ||
r, 3. ORI PEUNUNURIDRS FRPRURTRUP DUN DVPSIOYNIVITE CRURUPNPIURPRRY R R e emmmmm e | mmmmmmm e e 2, 2 12.4 | |_o_____-..
3 S NPT NSO [RNNVPUN UPUNRURRVRU DUDRPUIUN PPN SUNNRIPUPIN VRN PUNSNVE PRI SR 6. 4 . S D U PR
1,7, SN URENOUUROPRNY PEVEVENEPEPVES PUPRPDEURT DUUUURIpRRpIS] DRRNPRVORPESP DUUPRRPRVIY FNEUREURUPE) [RUUPRUORRE DUPROUUPRREUY P RPRIPRSY PR 15. 9 L Y SRS SUCEUPPRPRY DU e
e, SN JUVRNTSVOU [UNPRUIRIVEN DENVORUUUURPUNE PURUI NI DEpUPRUPRRVY DEREPREPR) [UUPIPOIPIUNY PIUURIUREY PUOUPpIPREPIPS PP 22.2 0.1 |
g {; TSR UEUTNIURREPIUS SNEUUSRPRURUEE FEDENEDEE NSRS JUPRSAPSUIREIVONY DIV UV PUSNPIEESUY FUPRPIPNRIPRSNY PSS PpRpI R y#, S U R DR e e mm e
. S IR PR DRSSOV (FSEEICvIvt RSvuvsvtNmn) DRSO VUt DRSS U RS NP DRI 16.2 1| S
38_-_-------------———w—...-———— e . T L S T T R el e 914 ________________ ! ----------------
R 14 ISPV SR IUREY PREUPRPN PSRRI PR [ NI RPN JNRPIOIIUN PRI mmmmem 2 - 2 D [ T B
Number of specimens._.| 153 17 14 184 151 37 188 125 26 | 151
Mean number of rakers_| 23,22 | 22.76 | 24.64 | 23.28 | 22.81 | 22.14 | 22,68 | 22,45, 21.38 | 22,26
1 Puget Sound to Butedale, British Columbia, I Four tributaries of lower Fraser River, British Columbia,
2 1925, 1926, 1934, 131940, N
3 Prince Rupert, British Columbia, 13 Two Moresby Island streams, Queen Charlotte Iglands, British

4 1046,
51047,

6 Skeena River and tributaries, British Columbia,
7 Fraser River t0 northern British Columbia,

81928, 1930, 1932, 1934,

? Morrison Creck, Vancouver Island, British Columbis.

101941,

Columbia,.
1+ Five streams in Masset Inlet, Graham Island, Queen Charleite Islands,
British Columbia,
15 1046, 1947,
16 McKenzie River, Oregon,
17T 1934,
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TABLE 20.—Count of gill rakers on first gill arch, left gide, in Salmo, Salvelinus, and Cristivomer

[x Indicates gill rakers present in frequency column, but numbers not given]

Number Number of specimens with raker count of— Mean
Spocies of speci- number
mens - of
14 15 18 17 18 15 20 21 22 23 24 25 26 27 rakers
Salmo.
sgfgr L __ . BD oo e ea X X X X O PR (R S PRV S UV R
0.2 ¢ 3 N FEURVRVRVN DRVRUSPIVEDEN FNVEVEIVRvY JRVSVRRpRVY DU IR SN ENNY (NS SRS WU RN NN S 16. 8
Irutia 2 o o o e .3 S (SRR AR FRORPN NI NN I AN N EVIUURIDNS NS SRS TR R S 17. 0
gairdnert * _ o ___ 28 | oo 1 | ____ 1 10 9 ! ' 20 ISR NS RSN FRRR DU 18. 75
g. kamloops 4. _ oo P11 L S OGRS (SRR PSRRI NSRRI SRS IRUPSNY VPPN SNV FUURO ST SIS MU S N 10, 34
clarki b _ _ i X X X X X X X oo oo feea o Sy FEROUY PR S R
Saivelinusg:
DI U8 O e mmauma—— 1 I (N N 1 1 1 1 2 |o___ | S R 1 1 21. 3
Do 3 A (RS RURVEREO FEEUIUIUIUS INUUUUORTEN DD A W X X X X X b I 28. 4
matmo T e B2 |o_..- X X X X X X X X lncvvnn|ccccce femmmer famsm e feca e 8.1
oquassa 8 . _ . __ .. | R SRR SSUORVRVRY (VRN FVEVRVEIRY PRURPIUIUIS Epptuny I S ) R ROUSEREOON RSO (AN VP N
marstont b o o - 2 SO FEU R S 2 5 13 12 5] I P FEREUREURNY RUDTNE R 20. 4
aQnreols b 16 ... 1 4 1 2 3 1 L P 1 D N N AU A 18. @
fontinalis ¢ __ . _ ____ __ .. 1V S P 15 13 O 5 4 2 y 2 ISR R RO U 17.7
Deb. . _____ o 171 1 10{ 3l 53 | 42| 28 i T TN (R A A AU IR 17.88
DO 150 2 14 35 35 33 20 10 ) S DRIV SVRVVRVIY RRURRonY [ SR, U 17. 36
Dol ___ 29 2 2 10 6 5 3 | A SRR RN NV EEVVINS SR (U BN 16.79
Total fontinalle. ____________________ 400 5 26 91 | 107 89 56 21 3 2 P (R (SR [EPRERIU RS 17.32
Cristivomer mamaycush 8 . 25 | __ B S B MR P 7 10 9 [aioo- O ORI PR AR EIpI 2.2

1 Kendall (1835); Penobscot River.

¢ McCrimmon (1949),

§ Milne (1848); Skeena River, British Columbia.

1 Motiley (1936); Koctenay Lake, British Columbia.
! Bhapovalov (1947).

¢ Viadykov (1954).

The gill-raker counts of tables 19 and 20 are
summarized 1n table 21, in which I have endeav-
ored to give some indication of dispersion. Many
of the samples were so small, with the distribution
either discontinuous or skewed, that the standard
deviation was discarded and instead I have shown
the range and the interpercentile range from the
80th to the 20th percentile (see fig. 6).

It 1s 1nteresting to note that #rutte shows the
lowest average for gill rakers (fig. 6), as it also
does for branchiostegal rays and vertebrae (fig.

3 and 5). Fontinalis, which is next to the bottom
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FieUrE 6.—Gill rakers on first gill arch.

! DeLacy and Morton (1943}; Karluk River, Alaskn.

8 Wilder 51952}; anadromaus stock, Moser River, Nova Scotia.

I Wilder (1952); resident stock, Moser River, Nova Scotia.

10 Wilder (19562); from 3 brooks in Nova Scotia. Sample from Bocabee
Brook in New Brunswick omitted because of small size of the fish,

m gill-raker count, occupies the same position for
number of pyloric caeca and is quite low in num-
ber of branchiostegal rays and vertebrae.

The question of gill rakers on other than the
first gill arch will be discussed later.

Scales

Although scale counts are widely used in taxo-
nomic work they must be used cautiously because
of the variation in counting practice among differ-
ent Investigators. Neave (1943) gives an excellent
discussion of the various counting methods in
vogue. One difficulty arises from the failure of
many authors to recognize that the number of
scales in the lateral line does not usually corre-
spond eilther to the number of diagonal (oblique)
rows just above the lateral line or to the number
of diagonal rows counted along any horizontal row
several rows above the lateral line. As a result
many published data on the count of lateral-line
scales, or *scales along the lateral line,” actually
refer to a count of diagonal rows made either just
above the lateral line (usually a somewhat higher
count) or of diagonal rows counted several longi-
tudinal rows above the lateral line (usually a still
higher count).

Some Investigators have varied these practices
by counting the lateral-line tubes or sensory pores
and considering them equal in number to lateral-
line scales. A fifth method has been to count the
rows of diagonal scales 10 or 15 rows above the
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TABLE 21 —Summary of gill-raker count of North American Salmonidae
IFirst gill arch, left side]
Number Mean Range Percentile
Species of number Total
gpecimens of gill range
rakers | Minimum | Maximum | 20 80 80-20
Oncorhynchus:
TR o et m——— 636 35. 52 28 39 34. 10 37.32 3.12 11
L T 1 14 W 1, 497 30. 23 i 24 35 29,11 31. 35 2, 24 11
tshawytscha. . ___ 184 23.28 | 20 28 22.04 24, 28 2. 24 8
ket o s —meuma———a——— 188 22. 68 19 26 21.76 23. b 1. 81 7
KU o o e e e m— e ———ean 151 22,26 19 25 21,28 23. 26 1. 98 &
Saimo:
BT e e e e 41 19. 8 17 21 1 (18.1) 1(21.5) 13.36 4
Pl e e cmmme e am e m o 41 17. 0 | e e e e e
BairdmErs . - mmac—an. 28 10.75 16 22 18, K6 20.78 1. 92 6
G KT 00D — o e e e e e e e e e e 214 19. 34 |- e 2 (18. 4) 2QR0.8) | __
< LUy PSRRI RS 14 2l 7
Salvelinus:
TN O Q 21.3 17 27 18. 5 25. 5 7. 00 10
I L R 7 23. 4 21 20 | e e e oo
o7 2 SN 62 18,1 15 .7 S R PR I
AT ELOT e e e e simeim v m e m e~ —————————————— 38 20.4 18 23 19. 55 21. 37 1.82 5
BT Ol _ e 18 18. 6 15 24 16.05 21. 40 5.35 0
onlinalis 8 Ll e 50 17.7 16 22 16. 17 19.10 2.93 B
0.5 e e e — e ———m———— 171 17. 36 14 20 16. 25 18. 50 2,25 i
D0, e et e i asasasem—————— 160 17. 25 14 21 15. 80 18. 05 2. 65 7
D0, e e 20 16, 79 14 20 15. 68 18. 14 2. 46 B
Tatal, fordinalis . o e 400 17. 32 14 22 16. 03 18. M4 2. 51 8
Cristivomer.
T CUS R e e e 27 20. 2 19 23 19. 27 20, 99 1.72 4

! Standard dewviation of 1.6 multiplied by 2.1.

MceCrimmoen (1949) gives
1.6 a3 standard error of mean for saler and 0.01 a5 standard error of mean for
trufte. The first must be standard deviation, the second is improbably

d Eastern Canada.

1 Karluk River, Alaska.

small since standard deviation would be only 0.06.
2 Agsuming same interpercentile range as for S, gairdyier: above,
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FiGUurRe 7.—Number of lateral-line scales,

5 Anadromous stock, Maser River, Nova Seotia,
§ Resident stock, Moser River, Nova Scotia.
7 Three small brooks in Naova Scotia.

lateral line from the gill aperture to the adipose
fin and, then, to continue the count at a lower level
from the adipose fin to the caudal, The five meth-
ods are briefly summarized as follows, in the order
of usually increasing count:

1. Number of sensory pores on lateral line.

2. Number of scales on lateral line.

3. Number of diagonal scale rows in the hori-
zontal row just above the lateral line. |

4. Number of diagonal scale rows from top of
o1ll aperture to caudal. |

5. Number of diagonal scale rows from top of
z1l] aperture to caudal, counting on a lower hori-
zontal row posterior to adipose fin.

Most 1nvestigators terminate the count at the
base of the caudal fin (standard length), but some
count the scales that extend on to the caudal fin.

Available counts of lateral-line scales (methods
1 and 2) are summarized 1n table 22 and in figure 7.

It 1s obvious from figure 7 that the variation
between the mean numbers of lateral-line scales
from different localities (and perhaps between
counts by different ivestigators) i1s so great that
only a few of the species can be separated by this
character. However, there is a general trend
with species of Oncorhynchus the highest, and
fontinalis, salar, and ¢rutia the lowest counts.
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TABLE 22, —Counis of scules in lateral line of North American Salmonidae

| Mean Range Percentile
Species Number of | number of
sSpecimens s¢ales Year
Minimum | Maximum Total 20 30 80-20
Oncorhynehus:
gnrmﬁch;: L e e 264 172 143 198 50 163 179 16
O e 41 134 160 108 38 175 189 i4 19046-47
Do 3 e o e m e mmmm e n 3 166 147 150 33 | I T S
t&hatﬁytsé:hﬂ 133 140 lgﬂ 153 23 135 145 10
1o 2 e 1 146 130 165 350 142 150 R 1046-47
Do 3 o 9 134 130 138 =2 I S I
km]lj"ﬁ ________________________________ 125 1%6 124 153 20 131 140 g
02 e e 27 139 130 147 17 135 142 7 1046—47
Doz B 133 129 189 | e e
merhka . o 145 131 124 138 14 128 133 ;
Do 4 e 50 135 127 141 14 132 138 6 1046
1 B 4 70 133 130 141 11 132 137 5 1047
DO o 4 140 124 150 26 137 143 § 1946
Dot e 42 135 124 141 17 130 135 5 1947
DO S 37 130 124 138 14 127 133 3 104647
Eu : ................................ %g E% igg lgl 14 131 137 6 194647
L I I 137 D (RN I
08, e 3, 068 133.1 126 143 17 132 135 3 1904
Do . 1,612 133. 3 127 141 14 132 135 3 1003
kisudeh 1 o e 127 129 121 138 17 127 131 4
130 2 e 27 136 130 144 14 133 138 5 1946
D0 2 o e 24 134 130 141 11 131 137 6 1947
St Do . - 10 128 123 132 1 I P I S
almo,
aa!mi::__i_ﬂ ________________________________ 11 111 106 113 A PR FUENIRIPI F
0 s 41 111 oo e o o
e —— A AR S N - IR - :
0 1 e [ 121 3
Eﬂ fa‘ _______________________________ %% }323 123 lgg 14 127 132 ) 1946~47
0B e 11 1 4 3 T F
g ka]g’t!ﬂﬂﬂj}.? B o 25 126 121 130 9 124 128 4
od . L 1 | 't S RN PRI ISR JER I S
clorki 15 50 123 116 133 17 120 126 4]
gn lﬁ ________________________________ 30 120 116 126 1) 117 122 A
O Y 6 122 120 129 I R PR IU N PSS
t t!f]:}? 1} S 13 119 116 126 10 [ e e
P ¥ o e o e 11 112 1077 117 10 | o e e
Do e 25 112 105 116 11 110 114 4
o De W 41 ) 1 - N PSR ITUITY ST (SISO I S
Cristivamer:
namayersh 3 e 19 125 121 130 't I SN N I
Salvelinuws;
RIS ¥ i ————— 12 122 111 130 1§ R EOE PPN DRI
Jondinalis 8 . . o o= 28 115 106 127 I8 | oo e .
AT ¥ e 18 126 120 131 1 | e i

" 1 Foerster and Pritchard (1835a); Fraser River to northern British Dﬂlum-
ia.

2 Milne {1948); Skeena Rlver, British Colnmbia.
3 Morton and Miller (1954); count 1s of SENSOry pores.
{ Milne (1948); Prince Rupert British Columbis.
' Milne (1948); Moricctown, Skeena River, British Columbia,
gﬁ Milne {1948}, Babine Lake, SXeena Rwer, British Columbia, in 1946 and
1947,
19? Milne (1948);: Lakelse Lake, 8keena River, British Columbia, in 1946 and
47. i
§ Chamberlain (1907): tubes on lateral line continued onte caudal for 6
localities in suutheastern Alaska,
¥ Morton and Miller (1954); count is of lateral line scales.

O X GOROLSLHA
O x FSMAWYTSCHA
DX KETA
¥ MERKA
S KISUTON
O K Sa aF

2 *  OARIWNE R 7 -".rv LRTERGL LMNE COOMT

1 "-‘:'._, oBL-0UE COUNT

()

® O KAMLOOPS

o X CLARKT
O = FRLTrd
c x NAMArCUSH
- x ALFINUS
[~ MAL M X
O FRATINALLIS X
l l | | J | 1 1 |
: ag 2.0 220 ] ) g2 el & 8g 132 E Qi 3 a0 350 3 50

RATICS OF 3CALE NUMBER TO VERTEBRAL NUMBER

Fiaure 8.-—Relation between numbers of vertebrae and
scales.

10 MeCrimmon {(1949),
i Neave (1943); anadromous stock, Cowichan River, British Columbia.
12 Neave (1943); resident stock, Clowichan River, British Columbia.
Cnl T}ﬂﬂrtnn and Miller (1954); resident stock, Rush Creek, Modoc County,
ali
14 Neave (1943),

15 Neave (1943); rcared at Cowichan Lake Hatchery, Vancouver Island,
British Columbia.,
16 Neave (1043);
British Columbia,
1T Morton and Miller (1954); coastal straing of Oregon and Washington.

13 Morton and Miller (1954], &, ¢, plewritieus from Colorade River Basin.

reared at Veitech Creek Hatehery, Vancouver Island,

Before commenting further on this character, in
table 23 we have compiled the numbers of oblique
scale rows counted (with exceptions noted) along
the first row of scales above the lateral line. In
discussing the lateral scale count, it is instructive
to compare the results of counts made on the
lateral Iine and counts made one row (or more)
above the lateral line. This comparison is shown
1n table 24 and figure 8.

It may be noted in comparing the number of
vertebrae (fig. 5) with the number of lateral-line
scales (fig. 7) that the different species maintain
approximately the same ranking in the two char-
acters (see table 24). Iven though for several of
the species the vertebral counts and scale counts

are not all-—in some cases none—from the same
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TABLE 283 —Number of diagonal (oblique) scale rows in first row above the lateral line in North American Salmonidae

Number i1Mean num- Range Percentile
Species of speci- { ber ofrows
Mens
Minimum | Maximum Total 20 80 80-20
Oncorhynchus:
gorbrischa 1 e 105 199 1650 231 A2 130 209 19
DO 2 e B 213 194 L2 I P N P I
tshawytscha Y. o e ernaan 110 143 133 153 20 | 138 148 10
o 47 149 135 188 |oo . I N N
Reta Y o e e = 135 130 130 153 23 | 136 142 6
DO 2 e 5 141 137 145 SR R S
o A 173 138 124 144 20 | 129 137 q
D0 2 o e o 18 138 130 T Uy JUU SRS SN PR NN DUVORN
RSt Y o e e e 124 131 118 147 20 127 134 7
DO 2 e e e e 8 138 133 145, |0 S I I
Salmo.
8O0aT B e 11 115 111 118 | e L
FUETERETE B o o e et e e e e e vt m 122 132 123 159 36 128 135 8
DM 4 o o e e e &1 122 115 130 15 119 195 4]
DO 5 e B 137 125 149 R T SN B P
Do 8 e 11 154 146 164 18 o e
B, KT 00D 7. e o e e e e 25 143 150 155 25 134 150 16
D0 2 o e e e e e e e e e e e e 1 L S O N P O N SR
| 3 216 145 130 160 30 | 140 151 11
elarki T e 5 160 146 T 31 ; 154 166 12
D o o e e o e o e e 3 137 122 154 32 f 128 143 15
Do B0 e § 165 157 170 13 e e
D0 Y 13 191 180 208 P S PR
YO Yo R 152 122 188 Be i o S P
ET L & e e e e e e e e AT ———————— 11 125 120 131 11 . U S
DO oo e 25 125 116 136 2) 121 | 131 i0
Cristivomer: ;
REmMay s & e 30 196 175 228 5 S S S
Salvelinuas: ’
D IS 2 e e e e e e e ————— 28 195 154 236 25 N DU DA
D0 38 o o o e e e e e e e ———— 15 217 195 236 Y [ U U P
ML ¥ o o o 31 231 1586 254 68 | e e
0 18 o e 13 243 218 254 N { S N P S
Jontinalis 2 e 25 218 197 236 30 | e e
D0 Y 83 225 200 243 43 217 232 15

b'1 Foerster and Pritchard (1935a); Fraser River to northern British Colum-
ia, .

2 Morton and Miller {1954).

3 Neave {1943); anacdromous stock, Cowichan River, British Columbia.

¢ Neave {(1943): resident stock, Cowlchan River, British Columbia.

# Morton and Miller (1854); anadromous stock, Cilackamas River, Oreg.

¢ Morton and Miller {1954); resident stock, Rush Creeck, Modoe County,
Calif.

7 Neave (1943); reared at Cowichan Hatchery, Vancouver Island, British
Coluntbia.

8 Mottley (1934a); Kootenay Lake, several rows above lateral line,

TABLE 24 —Comparison of number of vertebrae and num-
ber of lateral-line scales, in North American Salmonidae

9 Neave (1943); reared at Veiteb Creek Hatehery, Vancouver Island, Brit-
ish Columbia.
1" Morton and Miller (1954); coastal streams of Oregon and Washington.
Il Morton and Miller (1954); S. e. pleuriticus, from Colorado River Basin,
12 DeWitt (1954); northern California coastal streams, counted along second
scale row ahove lateral line,
13 Del.acy and Morton (1943); Karluk Lake, Alaska.
14 Wilder (1952); Moser River, Nova Scotia, count is from posterior margin
of head te end of vertebral column (presumably several scale rows above the

lateral line},

samples or localities, the scale count (I.) closely
approaches twice the vertebral count (V) with
one notable exception. The lateral-line scale
count for Q. gorbuscha is 2.5 times the vertebral

count.

Neave (1943) noted this anomaly in 0. gor-
buscha and wrote—

Mean number of—
Scales
Species Verte- | Lateral- | inflrst | L/Y | O/V
brael line |rowabove
3eales 2 lateral
line
(V) (L) (O}

Oncorkynchus:

gorbuscho____ _ _____________ 69. 12 173. 7 199.6 ¢ 2.51 | 2 80

tshawplscha . _____ . _____ 71, 58 141. 4 144. 8 | 1,98 | 2.02

A 68, BG 136. 4 13%.1 | 1. 98 2. 02

nerke__ .. e e 67. 73 133. 3 133.4 | 1. 97 I.97

kiswteh . 66. 29 130. 7 131.5 | 1.97 | 1.98
Salmo: |

BOIGY — e s 59. 4 111. 0 115.0 | 1.88 1.45

geirdnert_______ . __.___.__ 63. 418 123. 4 130.4 | 1.94 |, 2.05

g. kamloops___ . _______ 63. 75 126. 1 144.8 | 2.00 | 2. 27

clarki .. 62. 52 121. 5 155.0 | 1.94 | 2.48

rutta . . 58, 32 112. 0 125.0 1 1.92 | 2.14
Cristivomer: nomaycush._____.. 63. 04 125. 0 196.0 1 1.98 | 3.11
Salvelinus: :

alpinus__________________ . 66, 26 122.0 2027 | 1.84 | 3.06

AL _ - . 64. 3 126. 0 234.5 | 1.96 | 3. 65

Jontinedis___ .. . __. £69. 79 115. 0 223.4 | 1.92 | 3. 74

I From table 18, weighted means,

2 Weighted mean, excluding counts of sensory pores where lateral-line scale
count is available.

After examining a few small pink salmon fingerlings
the present writer believes that the first scale papillae
show the same distribution as in other species but that
subsequently papillae develop between the primary mem-
bers of the lateral line series, as well as dorsad and
venfrad to the latter. This development can perhaps be
correlated with the comparatively large size attained by
this species bhefore scale formation beging, resulting in a
wider spacing between the sense organs and thus leaving
room for the establishment of papillae.

This close relation (except in gorbuscha) be-
tween vertebral count and lateral-line scale count
(approximately twice the verterbral count) 1is
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depicted in figure 8. Since these two characters
are not independent they should not be used in-
dependently 1n any racial analysis involving a
*character” index. The relation between number
of vertebrae and number of oblique scale rows
(O/V in fig. 8) on the other hand shows that there
1s a wide variation in the degree of branching of
the lateral-line scale papillae: malma and fonsi-
nalis with an O/V ratio of 3.65 and 3.74, respec-
tively, represent the extreme in fine scaling;
elpinus and namaycush with QO/V ratios of 3.00
and 3.11 form another distinet group; gorbuscha,
with an increase In both types of scale counts,
occuples a unlque position. All of the species of
Salmo show a slight to moderate increase in the
number of oblique scale rows over the number of
lateral-line scales. |

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

Surprisingly, in view of the position of gor-
buscha, the other species of Oncorhynchus show
no detectable mcrease in number of oblique scale
rows over their lateral-line scale counts.

The number of horizontal scale rows is avail-
able for so few species that counts for all genera
are combined in table 25. The data for Salme
salar and . truita differ in the method of count-
ing and these species cannot be compared with the
others. The published values of 0.82 and 0.16,
given presumably as standard errors of the mean
for salar and trutta, differ widely. This suggests
strongly that the number of specimens whose
scales were counted (at least for salar) was much
less than the 41 given by McCrimmon (1949). It
1s therefore doubtful whether the means for the
two species should be considered significantly dif-
ferent without additional data.

TABLE 25.—Number of horizontal scale rows in certain gpecies of Salmonidae

| Number Mean Range Percentile
Species of number Year
specimens of rows
Minimum | Maximum Total A 80 80-20
FROM ANTERIOR OF DORSAL FIN T0 LATERAL LINE
Oncorhynchus: —
gorbuscha ! __ ... ___ e 320 54, 3 26 4} 14 32 37 s S P
Do0.2 e o 16 33.4 27 37 10 32 35 3 1946
0. o s 25 36, 7 33 40 7 35 3% 3 1947
fshaetsche L e 135 30.8 27 37 10 29 33 ” R
0.2 21 30.9 23 37 14 30 32 2 1946
Do 16 30.7 26 35 ) 30 32 2 1947
o T O 127 28.6 23 31 8 25 28 = S
Do o L e 25 27.4 24 31 7 25 20 4 1946
B0.2 e 22 27.5 23 30 7 26 30 4 1947
Lela L 154 22. 9 15 31 12 21 25 N S
DY A e s 14 25.5 22 32 10 24 27 3 1946
Do ... R 12 24.1 22 26 4 23 26 3 1047
nerka Y 183 21.8 18 26 8 21 23 ' S
Do e 47 22.5 18 24 6 20 23 3 1946
D03 o 76 22. 4 19 27 8 21 23 2 1947
Dot . A3 22 8 21 26 5 22 24 2 1046
Dot e 16 22.2 20 24 4 22 24 2 1947
Dot e 22 22.0 19 24 5 21 23 2 1946—47
| 16 23, 6 22 26 4 23 24 1 194647
Salmo:
i a kg T A 23 25. 5 22 30 B 23 27 4 1946-47
Salvelinus:
malma oo S 15 42 0 | i e e 82 8 1930-41
adpinus . 15 ;% 5 | 2 D FUNUIUIUN [FURIUTOITI JEUTIT S 83.7 153541
FrROM ANTERIOR OF VENTRAL (PELVIC) FIN 10 LATERAL LINE
Oncorhynchus:
gorbuscha 1o __ __ __ o 319 32.4 25 40 15 30 35 ;S P
tshawvtseha 1_ o oo 109 30.0 23 39 16 27 33 6 Vo ____
kisufeh Vo . e —— 127 25.7 18 37 1% 24 28 4 | ___
merka Y 113 21.5 17 27 10 20 22 . 2 (U
ket 1 o o 155 21.4 17 27 10} 14 24 > N
Salvelinus: |
ML T o o 15 " 2 A PO I P R S 82 R 193541
Bl IR US o e e o 15 3 T A N I U [ JR §3.7 1935041
FROM POSTERIOR BASE OF ADIPOSE FIN TO LATERAL LINE
Salmo.
ST 41 | L0 J N F N D NN 1082 | .-
trulta Y e 4] 15, 2 | | e e LA VI L

1 Foerster and Pritchard (1935a); Fraser River to northern British
Columbia,

I Milne (1948); Bkeena River, British Columbia.

3 Milne {1048); Prince Rupert, British Columbia,

1 Milne {(1948); Moricetown, Skeena River, British Columbia.

" Milne (1948); Babine Lake, Skeena River, British Columbia,

b Milne (1948); Lakelse Lake, Skeena River, British Columbia.

! DeLacy and Morton (1943); Karluk Lake, Alaska,

¥ Btandard deviation.

! MeCrimmon (1549), |

10 These values are presumably the standard error of the mean, but {or
salgr the error is inexplicably large if the number of specimens is 41 as stated
by McCrimmon (1949, p. 13.
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AYERAGE HORIZONTAL SCALE ROWS

Kigure 9.—Nuniber of horizontal scale Tows,

The average horizontal scale counts for Oncor-
hynchus, two species of Salvelinus, and Salmo
gairdner: are shown 1n hgure 9. Maima has the
largest number, followed by alpinus and gor-
buscha. The variation in number of scales within
species 1s large, the maximuin between means for
gorbuscha being 3.3 in the number of scale rows
above the lateral Line.

Despite large differences in the sample means a
definite trend exists in Oncorhynchus from the
fine-scaled gorbuscha to the relatively coarse-
scaled kete and nerka.

ANALYSIS OF MERISTIC CHARAGTERS

All meristic characters were placed on a common
basis to facilitate their comparison. Such a basis
was established by determining the lowest and
highest species means for any given character and
then using the numerical difference between the
two means as a yardstick. The lowest mean has
been rated as 0, the highest as 10, and the inter-
mediate means have been rated in between accord-
ing to their position on the scale. The ranking of
characters 1s given by species in table 26.

As explained earlier, not all of these characters
are independent variables. Therefore, if we use
two closely correlated characters in attempting to
weigh differences between species from several
characters, we are in effect giving double weight

to the same measure. Figures 10 to 12 show the
close correlation between three pairs of characters.

To obtain a joint ranking of these pairs of cor-
related characters, the rankings were adjusted
(table 27) according to a correction factor (table
26) to equalize the average ranking for the species
with available data. After obtaining the joint
rankings for- three pairs of correlated meristic
characters, we are left with six presumably inde-
pendent meristic rankings, which are listed by
specles 1n table 28.

10.0— @

8.0 e

40

RANKING OF ANAL FIN RAYS

2.0+

o & | | | | )
0 2.0 4.0 6.0 8.0 10.0
RANKING OF DORSAL FIN RAYS

Ficure 10.—Relation between dorsal and anal fin rays.

1C O &

B8.0r

50O

RANKING OF LATERAL-LINE SCALES

o
40} g
®
®
o e
®
2.0k ®
e ®
®
D! ® | — | _ : | gl |
0 2.0 40 6.0 8.0 10.0

RANKING OF VERTEBRAE

FicUure 1i.—Relation between vertebrae and lateral-line
gcales,
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TABLE 26.—Summary of ranking of means of meristic characters, by species

Raysin—
Branchic- . Y Rakers on Seales
SBpecies stegal Pvlorie first 1gill Vertebrae
rays Cacta arch On lateral | Oblique | Dorsal fin
Angl fin [ Dorsal fin line rmgs to Iateral
line
i
Oncorhynchus: |
shawyische __ . o __ 10.0 7.3 10,0 9. 8 3.4 10. 0 4 8 2.5 i, 4
gorbusehe ... LT TTT 3.4 6.0 9.4 10.0 7.1 8.1 10.0 7.1 6. 2
ﬂi;&mh _____________ e e e fgg | 13‘{:; 7;'8_ 7.0 2.8 6. 5 3. 1 1,4 2.3
P SRy 5. z 3. ; g a 9.5 3.1 M. (] 4, 1) 2.0 0.8
O iopP ML - e m oo nomomosesoocesoo e .3 . .9 8.3 10. 0 7.1 3.6 1.6 0.0
Sﬂ;lag.:maymsh ______________________________ 4,2 5.4 1.3 1.8 1.8 _ 3.6 2.2 6.8 ...
(S 2.8 L6 | e 1.5 | .5 0,0 0.0
gairdneri. ... ... IV SR 0.8 44 |l 1.5 3.9 2,0 L | 1.7
gju!;i?alﬂﬂps ______________________________ ! 2.2 ‘:llg 3.5 6.1 1.3 ! gé 2.4 2.8 |o. ..
3 £ 4 N S T I D FE R . 1.7 3.4 |_.
A 4 0.0 O 7 | e . 0| 02 | 08 |
Salvelinus: 0-0 0.0 0.2 I
GlDIRus . 2.0 0.9 0.0 0.0 3.3 (. 0 1.7 7.3 8 0
QUTROUTUS _ - oo 1.1 1.0 0.1 0.8 0,9 41 Joceooo e ' *
TATSEONT o .. o 0.0 0.6 Q.7 2.6 1.8 8.2 \ T
ﬂguzusm__,__“"__h___,- ______ e 0.0 | oo e e e
MUETIE e e e e e e e 2.1 0.0 {________._._ J. 4 0.6 4.5 2.4 10.0 | 100
fontinalis. .___. e 1.1 0. 4 1.2 3 . . | '
Correlated characters: ° 02 ok > e
Number of paired entries_ . .. | .l ___ 11 | 13 8
T N MR N o & 0 7Y il %1 1 5
Average rank, both eharacters ... ... | 0TIl Teas Y N
Correction factor ¥ _ o 1.10 L .74 1. 52 0. 97 1. 03
1 g, whilehorusei=14.0, 3 To puat basis.
2 Kxelusive of gorbusche. P O & comimom hasts
o
g 0.0~ ® TaABLE 27.—Adjusted rankings of ceriain correlated
O meristic characters, by species
L
g 1. Anal and dorsal fin rays
n i ;
% 8.0 Bpecies " Anal fin | Daorsal Sum | Average
= rays fin rays rank
"J :
g Oncorhynchus;
i o tehareytacha . 11. Q0 9. 11 20.11 10.1
,.& 60k ° gqrbuscha _____________________ 16, 34 9. 20 19, b4 0.8
a © Riswutch__________ . . 8. 58 7.27 15. 85 | 7.0
kefa. G.35 8. 74 18. 09 0.0
E CRETRG . e 9, 79 8. 56 18. 35 8.2
Cristiromer:
_ nemayeush__ . ____ .. 1, 43 1. 66 3. 00 1.5
g & Saimn:
x 40 S LT ] S
O guirdneri .. __ _____________. 4. 85 | . 4. 84 4. 8
(= g. kamioops. . _ _______________ 3. 85 5. 61 9. 46 4.7
% ﬂzﬂfllf-f: ________________________________________________________________
frutdle . oo e e cmmm e fammmm e e e e
o Sailvelinus: !
2 ® QLIRS - _ e | (.00 0. 00 0. 00 0.0
v 20F QUTEOINS_ L Q.11 0. 74 0. 85 0.4
E & Marstond . - o __. 0. 77 2.49 3. 16 1.8
"~ maimﬂ_r _______________________________ 0. 37 0.37 0.4
. Jontinalis_ . oo ___. 1. 32 3. 31 4. 63 2.3
o o | ] | | II. Vertebrae and lateral-line scales
0 2.0 4.0 6.0 8.0 100
RANKING OF
OF OBLIQUE SCALE ROWS Hpecics Vertebrae| Lateral S1um Average
F1eURE 12.—Relation between obligue scale rows and scale Hine scales rank
rows from the dorsal to the lateral line. Onecorhynchus:
tshiwytgcha _____ oo E 33 1?. 33 14. 70 7.4
. . ] . gorbuscha_ . i 5,2 21. 15 10. 6
Thr Oﬂgll{)llt- the _E'»lllllIlE!-I‘RthIl data there 15 a gfiugm _______________________ 4.81 4.71 0, 52 4.8
- Ny . . - el ] . . .
clear tendency for the variances to be correlated I — b2 | 4| 107 5 4
- . . L “ . istivomer: -
with their means. This tendency is easily seen in U S — 2. 66 2841 6.00 3.0
. ) : « . almao.
figures 4, 5, and 7, in which the 80 to 20 inter- e —— 0. 37 0. 00 0.37 | 0.2
- . o - . . . atrdneri . __________________ 2.89 3.4 5.93 | 3.0
Pﬁrcentllﬁ I'ELIlge 1INCIrenses “]th a1l 1ICredase 11n the Ej ki{ilrn!nap.g __________________ 3.03 3. 65 5. 68 | 33
. . . . ‘ 7 o S 2. 37 2.5 .95 .
IMEan. ThlS Of COUrse 1.mphes that the dlﬁ&PEllCeS s E;?_Ltm ________________________ 0. 00 0. Eﬁ ﬁgﬂ gg
| . . . alvelinus:
betwn_?,en mean rankings must be larger for higher ulpiig}z.s ______________________ § 44 2. 58 7.02 3.5
. . ] AUTFEOUS . B B S 3.03 0
Efs}?fklﬂgs to be equally a8 Slgﬂlﬁﬂﬂllt as the smaller ma;&t[}ﬂi _____________________ 311 | 3. 11 3.1
. . : . malmae. _______________.___ 3.33 3. 65 6. 98 3. O
1 EFEHGBS betw eerl  I1nean rﬂnklngﬁ f'DI' lowex fontinglis.._______________ - 0. R1 0. 61 1. 72 0.9
k
ran llflgS. -
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TABLE ET.—Ad-ju&ted rankings of ceriain correlated

meristic characters, by species—Continned

I1II. Obligque and dorsal-to-lateral-line scale rows
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To correct for this correlation between the
means and their variances, the adjusted rank-
ings (table 28) were converted to logarithms. In

| order to avoid dealing with minus logarithins, and
_ | Oblique | Dorsal to Averags , = _ R ’
Bpecies rows | lateral | Sum | rank with the absence of any logarithm for a zero rank-
rows . ) | _
_ ing, all rankings were first increased by 1 and
Oncorbynchus: then multiplied b : h oarithm: -
taha-wyt‘gcha ___________________ 2.42 4. 53 lﬁ. 95 3.5 I3 t pd . (}{ 10 T € . lObELbI]]t];glg of fh?
garbuscha_ .. _____._ e 6. 89 6. 39 3. 28 6. 6 rankinos < rived are olyv ‘)
RESUECHh_ oo 1.36 2. 37 3. 73 1.9 ‘ 0 & ﬁO] {ill‘. t} are *"—"1_\ el 1111 ta E; T
Rela .. 1.94 | 0. 82 2,76 1.4 38 T assessine the v TR
T 194, 082 2.76 L4 ne method o \ssessing the value of tllgse
Cristivomer: meristic- characters (table 29) is to determine
namaycesh_ . 6.60 | _.o_ 6. 60 6.6 o L. o
Salmo; whether the variation within each genns differs
Sy e et e 0,00 |__._.._ - 0. 00 0.0 ) ﬁ ] f ; =
Geirdneri. - oo 1. 26 1. 75 3.0 1.5 & O Y 7 rarint oY ,
A —— 1260 L7 ) L5 :I.«glbn.l can’{, ¥ ron}; the variation between genera.
clarki__ . ___ .. P m—m—— - 3.30 ... - 3.3 A0S e ’- T - . .
A ———— . 330 33 ecause the number of species varies from genus
Salvelinis: 0 3. C 1 LT - -
domus. _— ST e 5 tc_i genus, calculation of th? variance must recog
‘mﬂlmﬂ _______________________ H‘_ ?D ]. . . 11]'. A o < r ’ s . . = »
e T o0 1080 0 0 sy  Dze nnequal sample size (Snedecor, 1956 : p. 268),
considermg each species as one sample mean.
TarLE 28.—Adjusted rankings of meristic indices
Anal and Rakers on Yertebrae | Obligue and
Branch- Pvloric dorsal fArst gil and lateral dorsal-to-
iostegals caecs fin rays arch line seales lateral-line
scale rows
Epecies:
Oncorhynchus:!
A E L X T 1 T 10.0 FiN; 10. 1 3.4 7.4 3.5
T Lt 1 S 3.4 6. 0 G. 8 7.1 10. 6 6. 6
R L o 5.7 2.7 Fil 2.8 4.8 1.9
RO o e 5.7 10, ¢ 9.0 3.1 6.0 | 1.4
o 5. 3 3.2 8.2 10,0 5.4 0.7
Cristivomer: |
MOATEYCUSH o e e e 4.2 5.6 1.5 1.8 3.0 | 6. &
Salmo: .l
L 5 2. B 1.6 | .. 1.5 0.2 ! 0.0
(s o N A 0.8 4.8 1.5 3.0 1.5
q. DS 2.2 1.2 4,7 1.3 3.3 2.4
ClarRE . . o e G.3 | e 2.9 3.3
8 a4 S C.0 0.7 oo 0.0 | 0.2 0.8
Salveling: i
B S 2.0 0.9 0.0 3.3 3.0 6.6
AUFEOLUs e 1,1 1.0 0.4 0.9 1 3.0 |-
LT S O L o e e e e 0.0 .6 1.6 L8 a1 | __
T o 2.1 0.0 3.4 0. 6 3.5 10,0
Jondinalis 1.1 N 2.3 0.2 0.9 8.8
(enus:
Oncorhmeh U - o 6. 02 5. BR 9. 20 5. 28 6. 84 2. 82
DO Y e 4, 20 5. 60 1. 30 1, 80 3. ) 6. 6
/A A 1. 67 . 92 4,7 1. 08 1. 84 1. 60
O T M o e e 1. 26 (. b8 0. 94 1. 36 2. 80 8. 47
TABLE 29— Logarithm of adjusted rankings of meristic indices
[Rankings: 4+ 1 X 10]
Vertebrae | Obligque and
Branch- Pyloric | Anal and | Rakers on | and lateral | dorsal to
iostegals caecs - dorsal fin | first gill arch { line secales Iateral-line
; TAyS scale rows
Species: !
N S e e 2, 04 1. 93 2.04 1. 64 1.92 1. 65
GOrhUSCha _ 1. 64 1,85 2.03 1.91 2. 06 1. B8
RSO o 1.83 1. 57 2. 00 1. 60 1, 76 1, 46
keta@ o e 1.83 2.04 2. 00 1. 61 1. 85 1. 38
TR 1.80 1. 62 2.01 2. 04 1. K1 1. 23
TR 8 L e e e 1,72 | 1. 82 1. 40 1. 45 1. 60 1. 88
BT o e 1. ER 1.42 {_____________. 1. 49 1. 08 1. Q0
gairdnert . . e S P 1. 26 1. 76 1. 40 1. 60 L. 4{}
G BOIOODS 1.51 | 1.34 1.76 1. 36 1 63 1.53
elavki_ o .. I P LAY | L. 5i 1.63
EPUEIG 1.00 193 oo t. 00 1.08 1.26
AEPARUS e e o e 1. 48 1. 28 1. 00 1.83 1. 65 1. 88
AT OO S o 1.32 1. 30 1.15 1,28 L60 ..
TS 0T _ 1. 00 1.20 1. 41 1.45 L6 | ..
T o 1. 49 1. 00 1.15 1. 2} 1. 65 2. 04
Jordinalie . 1. 32 1.15 1. 52 1.08 1. 28 L. 99
(Grenus:
Oncorhynchus_ g.14 9. 01 10. 09 R, B0 940 7. 60
Oristivomer o 1.7 1. 52 1. 40 1.45 1. 60 1. BR
TG . 4. 09(3) 6. 36 3. 52(2) 5. 16(4) G 93 6. 82
S S o e 8. 61 5. 93 B. 23 8, 64 7.79 5 91{3)
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The analysis of variance of the logarithms of
the adjusted rankings of meristic characters
follows:

Mean square .
Character index value
Between | Within
genera genersa
Branchiostegals_______ . _____________________. 0. 2594 0.0438 | 5.92*
Pyloriceaecs_ _ . 42110 0229 | 18, 38**
Analand dorsal inrays. .o oo . 8255 L0203 | 25, 89%*
Rakerson first gillarch_ ____ . _______ o . _.__ 2171 421 5. 16*
Vertebrae and lateral-line seales_ _____________ . (430 . OR0R . H3
Obligue and dorsal to lateral-line seale counts_ . 2657 L0510 ¢+ 5. 21

For five of the six meristic indices, the variance
within is significantly less than the variance be-
tween genera. This tends to confirm the validity
of the generic groupings as established even though
1t does not yield much information concerning
afliliations of particular species.

To show the relationships between species, both
the maximum and the average differences in the
logarithms of the six meristic indices are given
for 16 species in table 30.

The interrelationships of the various species as
shown by these meristic indices are depicted in
figure 18. The genus Oncorhynchus is quite well
separated from the other genera except for a close
link between O. kisutch and Salmo gairdners.

Cristivomer shows a loose affinity with Salve-

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

linus alpinus and remote connections with several
other species.

Salvelinus 1s a rather closely knit group, with §.
marstons the closest link between Salme gairdner:
and the other Salvelinus.

\

\ ONCORHYNCHLUS

H""--.\

@ | _ =Y6) cristivomer
A ,J‘G @! T /.-"

o
N -: <

ol
O+ z .._SAL VELINUS

AVERAGE LOG. DIFFERENCE

BN celow o6
Bmmmm 016 - 0.20
— 0.21-0.25
———  0.26-0.30

I MAX/MUM LOG. CIFFERENCE
EXCEEDS 0.60Q

FieUure 13.—Relationships of species of Salmonidae, as
shown by meristic indices. (See table 30 for key to
species’ numbers in circles.

TaBLE 30.—Differences between logarithms of siz meristic indexes, average differences between species (lower left),
maximum differences {(upper right)

Species ! No. | 1 2 3 4 5 6 7 8 9 0] 1§12 | 18] 14 15 | 16

thawytscha_ . . ___ . 1 40 .36 [ .27 .42 | .65 .84 | .67 | .59 | .82 | 104 1.05| .o0 | 1.04 | .9% .78
gorbuseha . ... 2| .18 42| .50 .65 .63 | .98, .50} .55{ .74! .98{1.03| .88 | .65| .88 .83
Risudeh .. . 3 .26! .25 | .47 .44| .60, .68 ) .31 | .32 .46 | B3 1100 .B5| .83 .85 . 63
Reba __ o 41 .12 .24 .11~ A3 60| .77 .78 .70 9_5 83| 00| .85 | .84 104 . B9
MOTRE o 5 .25 .26 | .14 | .18 65| 73| .64| .68 | .51 |1.04| 101 .8 | .80 | .86 | .96
namayeush_________. I I 6| .30 .28} .28 .31 .39 | 88 .56 | .48 | .71 .:’; .04 | 52 ' .i2 1 .82 67
salar (5Y oo e 7| .54 .57 | .85 .45 .40 .40 52| .55| .63 | .58 | .88 520 58 | 1.04| .99
gairdneri (8) .. _.________ e e et 8| .35} .46 | .19 | .30 | .33%{ .29 .27 A3 .23 .52 | .76 .61 .35 | .64} .59
g. kamloops___ .. ... 9| .35| .371 .20 .31 | .33| .25 .25| .06 23| .56 .76 | 61| .51| .61 .48
charki @) ... reee| 10 i A1 [ .50 .28} .50 .39 | .34 .45 .15| .14 46 .26 19| .09 | .41 . 36
UL (5)eome o 11} .72| 75| .53| .63; .60 | .58 | .20 .27 .36 | .31 | . | .63 | .52 .53 .78 .73
Apinus. . 120 .46 | .41 | .37 | .47 | .48 | .24| .38 | .31| .25 .18 .47 | .36 48| 43| .55
aureolus (6)____. .. ___________ ... 13| .69 | .67 .42 | .54 | .53 .27| .26 | .19| .19| .22| .80 .i5| 32| .30 .87
Marstons (5) ... .o 14| 68| .56 | .40] .83 | .53 | .97 34 12| 22| o8| .25 .24 | .17 49 | .37
ML e 15| .58 1 .83, .48 | .54 .60 | .29 .46 ' .35 .28 | .21 | .48] .17 .12} .25 .37
fondimalis __________________ . 16| .60 | .54 | .48 | .60 | .62 33 | .41 | 820 .28 .22 .o28| .31 .2 | 24| .20

! Figures in parentheses show number of comparisons when less than 6.
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FucURE 14. ——Fecundity isopleths based on number of eggs
per kilo of total weight versus the average weight of
the adult fish.

The genus Salmo presents a very different
picture. Of the three species, salar, trutta, and
gairdmeri, S. trutta shows connections with Salve-
linus marstoni, only a remote affinity with Salmo
salar, and none with Salmo gairdneri. Salmo
salar shows equally remote associations with Salme
trutta, Salvelinus aureolus, and Salmo gairdneri.
Salmo gairdneri is closely linked with Oncor-
hynchus (kisutech) on one hand and with Salve-
linus (marstoni) on the other, and shows only a

remote aflinity with Salmo salar and none with
Salmo trutta.

FECUNDITY

Although the term “fecundity” is normally used
to denote the numbers of ova produced, we must
also deal with the size of the ova. For each
species of Salmonidae there 1s a normal range for
both number and size of egg. For Oncorhynchus,
which mature and spawn only once, this range is
not too difficult to define. For species that live to
spawn two or more times, the number of eggs
" varies widely, since the number is correlated with
the weight of the fish (Rounsefell, 1957). Size of
the egg 1s more constant for each species than the
number, but tends to be larger In larger
individuals.

Most of the available data on fecundity in the
Salmonidae are given in some detail by Rounsefell
(1957). From these data the average fecundity
of the species for which data are available was

- \‘m * ® TSHAWYTECHA
500 1 | | | | el | |

o ] a ) 4 5 6 7 8 9 I+

FGGS PER KILO OF FiISH

plotted in figure 14. It will be noted at once that
the lowest number of eggs per kilo of fish weight
occurs in the fluvial anadromous Oncorkynchus.
That this lower number of eggs per kilo of fish
weight is not caused by a lower total weight of
ova but rather to larger individual eggs 1s shown
by figures 15 and 16, which show for available
data the number of eggs per kilo of fish weight
plotted against egg diameter and weight of fry,
respectively.

Figures 15 and 16 show that the fluvial anadro-
mous Oncorhynchus differ markedly in egg size
from the other Salmonidae. The lacustrine ana-
dromous O. nerke appears to be only slightly
ahead of 8. salar in egg size.

& TRUTFTA O

2000

Al PINUE © SALAR®

® NERKA

1500 I~ O ® NAMAY CUSH

QGO

EGGS PER KiLO OF FISH

| 8 XISUTCH
O -WMEASURED DIAMETER d

® ~-CALCULATED DIAMETER
reqawvrscia @ @ NETA

J
500 ] I I
4.Q 5.0 6.0 7.0 8.0

EGG DIAMETER (MM.)

FroUurRE 15.—Number of eggs per kile of total weight
versus the egg diameter.
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FicUrRe 18.—Number of eggs per kilo of total weight
versus the average weight of fry after absorption of
the yolk.
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¥F1cURE 17.—Average weight of fry after absorption of the
"yolk compared with the average total weight of the
species,

" In considering egg size in relation to fish weight,
however, 1t 1s obvious that Oncorhynchus can be

distinguished even more clearly by this character.
Thus, in figure 17, in which the weight of fry with
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the yolk absorbed is plotted against the average
weight of the fish, S. salar has small fry for the
size of the parent fish. In fact all five species of
Oncorhynchus except gorbuscha fall in a straight
line. The larger size of the fry (and of course
the egg) of gorbusche may be related to the ex-
treme degree of anadromy in this species, whereby
the fry emerge from the gravel as soon as the yolk
15 absorbed and migrate seaward at once.

DISTRIBUTION IN RELATION TO TEMPERATURE

Species may range over a wide area and yet
avold extreme conditions by changing spawning
seasons and by occupying different ecological
niches. A further complication is the tendency of
1solated  populations to change genetically.
Despite these difficulties the overall picture shows
that some of the species are definitely arctic or
subarctic, whilst others range far to the south.
The approximate latitudes given in table 31 are
not too descriptive of the actual temperatures en-
countered because of the great differences in both
sea-water and fresh-water temperatures at com-
parable latitudes on different coasts and the com-
plicating factor of the lowering effect of altitude
on fresh-water temperature.

TABLE 31.—Limits of ranges of North American Salmonidae, ranked according o temperature of water frequented

.

Coldest water Warmest water N Final
verage | Fin
Species ) o cold |rank
Locality Latitude | Coid Locality Latitude | Cold | rank
north rank north |rank
OEPIRUS - o Fllesmere Island ' ________________ g2° 1 | Kodiak Island lakes._._____._._____ 57° g | 2.5 1
namaycush .. _________ Banks Island . ________ .. .... 73° 2! Lake Erle. ________________________ 41° 3 | 2.5 1
DQUAES e Quehbec lakes__ __. .. e e 50° 2 | Lakes, northern Maine_ .______... 45° 3 2.5 1
malma.______ r—e o e Herschel Island 3. _______________. 71° 2 | High streams, Californig. ____._____ 30° 4 3.0 2
I Cape Lishurne 4
ket@ o Mal?Kenzle Rivers__________. —— i 70° 2 | Klamath River$__________________ 41° 5 3.5 3
gorbuscha_ . __ . _____. . ______ MacKengzie River 5 ______ . _____ ' 70° 2 | Russian R., Californla 7. _________. 38° b 3. 5 3
BEYRM . . Yukon River®_ _._ ________________ 66° 3 { Wallowa lakes, Qregon.___________ 45° 4 3.5 3
salar .o __ Koksoak R, Ungava . ___________ 60° 2 | Housatonic R., Connecticut.__.___ 417 6 4.0 4
fontinalis_ . . _._________ . _____ Hundson Bay___ 59° 2 | High streams, Georgia__ . ________ 35@ | 6 4.0 4
earki .. Southeast Alaska_ . _ . ____________. 60° 4 | Eel River, California__.___________. 39° b 4.5 5
tshawytscha _ . _________ Yukon River__ . _______._____ 66° 3 | Ban Joaquin River. _______ ... ___ 36" 7 5.0 é
kisuleh . __ Norton Sound 10__ _______ ________ 64° 3 | Sallnas R., California____._________ 36 7 5.0 8
gairdneri__ _____ . _______._.__. Kuskokwim R________ . . ______ 61° 3 | Rio Presidio, Durango11__________ 24 8 6.5 7
1 Fisheries Research Baoard (1858, p. 112). T Tait (1938).

A Fisheries Research Board (1959, p. 12).
4 Scofleld (1899).

1 Bean {1882).

§ Dymond (1940),

¢ Bnyder (1931).

In order to obtain a picture of -the effect of
temperature on distribution, I have disregarded
latitude in favor of generalized temperature iso-
therms. The mean surface ocean temperatures
(see Davidson and Hutchinson, 1938) differ con-
siderably at comparable latitudes on the eastern
and western shores of the continent. In table 31,

' Evermann and Goldshorough (1907).
* Dunbar and Hildebrand (1952).

1t Nelson {1887).

1 Needham and Gard (1650).

the water temperaturas at the extreme ranges of
the distribution have been ranked subjectively by
species. This empirical method shows definite
trends when the species are grouped according to
their temperature distribution (averaging both ex-
tremes of the range).
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The final rankings, by species and genus, accord-
mg to distribution in cold waters, are as follows:

Rank and specles Cristivomer | Sgivelinis

Oncorhynchust Salmo

——l —

Rank 1;:
nameyeush___________ D, SN R D R
alpinus_ o . X

- am Em EE e [ S o o e o e =

—_— — o em —m o= o=

- e — b — — ey — g = o=

_——— ——— — —

— —— — - — o wr = = o= o

- O B i e e e o e e — -—w e L — .. m

[ O T A R e s

Rank T7: 1
gatrdneri ____ . b X

Rank by genns_ . __. | 1 2 5.3

Oristivomer and Salvelinus are arctic and sub-
arctic genera, except that S. fontinalis, which dif-
fers most widely from the other spectes of
Salvelinus in respect to other characteristics is
more southerly. All Oncorhynchus species range
far to the north, but tshawytscha and kisutch are
more tolerant than the others of warmer water.
Salmo salar lives in colder water than either of
the Pacific species of Salmo. The range of clarks
1s peculiar in that it extends neither far to the
north nor far to the south, but inhabits the tem-
perate waters between. While it extends to
Bristol Bay, gairdneri avoids the colder streams
and extends into much warmer waters than any of
the other species. |

COMPARISON OF NORTH AMERICAN AND
ASIATIC GENERA

Some authors classify the salmons and trouts,
together with the graylings and whitefishes, in a
single family, which they call Salmonidae. We
prefer to consider them as three families, the Thy-
mallidae, Coregonidae, and Salmonidae. The last
1s the group discussed below. |

In addition to the genera of Salmonidae that
occur in North America two fresh-water genera
occur only in Asia (Dymond and Vladykov, 1934).
Brachymystae occurs across Siberia and south to
the rivers of Japan and the Okhotsk Sea. Hucho
consists of three species, one on the Danube, one in
the rivers of Siberia, and a third in Sakhalin and
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the rivers entering the Okhotsk Sea (Dymond and
Vladykov, 1934).

Some notion of the relationship between these
two purely Asiatiec genera and the other four gen-
era 15 obtamed by comparing their osteology since
other characteristics are not sufficiently well-docu-
mented for the Asiatic genera. Furthermore,
morphological material is chiefly available for only
one or two species of each genus. The available
osteological data are well summarized by Norden
(1958). As Norden classed Cristivomer under
Salvelinus and used Cristivomer namaycush as his
chief representative of Salvelinus, we are forced to
combine these two genera for the purpose of this
comparison (table 32).

TARLE 32 —Comparison of certain generic characteristics
in Salmonidae

[Osteological characters adapted from Norden, 1958]

Salve-
finus-
Cristi-
. POMET

Oncor-

hynchue

Character Salmo

Brachy- " Hucho
mystar

Mouth:

-—- A — — 2 — —_——_—— — — - = - —_— — - — — r = —_—— — = - - — -

Behind orbit. ... ... _
Palatine and vomerine teeth:
In = continmous TU-shaped

Narrowly separated . __.__.__
Widely separated_ . __...._...
Ova:

Largd e
Very large_ ________________.
Jaw teeth: |

Small, fine_ ... ... _,
Bt ONg e i

Shaft of vomer:
Shart, toothless_____________
Long, toothless. _____________
Long, toothed ______ . _______
Pﬂstﬁrbitals contact preopercle:
U o TP

Dorsal fontanelles;
Persistent .. __ e mme—
Covered in adult. ... _.___._
Supraethmeoid:
Long and narrow with pos-
terior projections. ...
Short, notehed posteriorly___
Ascending process of premaxills:
Intermediate in size ... _..
Well-developed_ . oo __. ...
Absent in adults_ _ __________
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The number of differences between genera in
ten characters (from table 32) are summarized

in table 33.

The relationships between genera based only

on the 10 characters of table 32 are depicted 1n
figure 18, in which the distances between genera
are roughly proportional to the number of differ-
ences in characters (from table 33).
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BRACNYNYSTAY

ONCORNYNONUS
JALMD

@ HUCND
®

SAL YELINUE — CRSTIVONER

Figure 18 —Diagrammatic comparison of genera based
on certain characters.

It appears that Brachymysiax is the most primi-
tive and generalized of the genera, Jucho repre-
sents an intermediate stage, whilst Oncorhynchus
18 the most specialized.

TABLE 33.—Number of certain characters differing between
genera of Balmonidae

[Characters from table 32]
Brackymy- Salvelinus- Oneor-
alaz Hucho Cristi- Salmo | hynchus
romer
Brachymystaz.- - ... ... ) P 4 7 7 10
Hueho____ . ____.. S 3 4 7
Salvelinie-
Cyistivomer. . ... 7 - I 4 7
Salmo.. .. i 4 4 |_._____. 5
Oncorhynchus. . ceae-. 10 (] 7 52 P

- SUMMARY OF RELATIONSHIPS

The foregoing material on hybridization, colora-
tion, anadromy, fecundity, morphological charac-
ters, et cetera, show the relationships between the

gorbuschag

ONCORHYNCHUS

gairdneri
SALMO clorki

. trutto
narmaycush .

CRISTIVOMER

QQuOssg

. marstonl
(>

SALVELINUS .
dlpinus
malma
guregius
fontinglis

19.—8uggested relationships
American Salmonidae.

FIGURE among North

North American species of Salmonidae. In figure
19 the degrees of relationship have been indicated
by the relative distances between species. Since

many of the differences and similarities are difficult

to weigh with the information presently available
concerning the relative value of different criteria,
I have not attempted to be more precise.

ANNOTATED KEY TO NORTH AMERICAN SALMONIDAE

This annotated key is given in place of the more

conventional strictly dichotomous key. Keys are
used chiefly to determine the identity of a speci-
men,. and each subdivision should not be inter-
preted as denoting relationships.

The amount of information available varies
widely from species to species, but where availl-

able, certain items (such as chromosome number)
have been included. Thus, although this section
has been arranged as a key, it is also a summarized
description of the North American Salmonidae.
It should be kept in mind that this paper is based
wholly on published data and that no attempt was
made to verify points that await further study.

KEY TO GENERA

A. Skeleton cartilaginous, very slight calcification; dorsal fontanelles closed in adults ; postorbitals contact preopercle;
ascending process of premaxilla absent in adults; branchlostegal rays (left side) 10-19; gill rakers (first arch,
left side) 19-39; lateral-line scales 121-198; anal fin rays 15-22;: pyloric caeca 55-249; dorsal fin rays 12-18;
vertebrae 62-75; only black spots or speckling at all ages (exdept breeding colors):; ova and fry very large in
relation to adult size; anadromy obligatory or adaptive; mouth lining dark to black; all adults die after spawning.

Genus ONCORHYNCHUS, Pacific salmons.

AA. Skeleton fairly well calcified; dorsal fontanelles persistent: postorbitals do not contact preopercle; ascending
process of premaxilla persistent; branchiostegal rays (left side) 8-14; gill rakers (first arch, left side) 14-27;
lateral-line scales 105-138; anal fin rays 8-16: pyloric caeca 20-170: dorsal fin rays 9-15: vertebrae 57-89; light
spots, speckling, or colored areas present at some stage; ova and fry medium to small in relation to adult size;
anadromy not adaptive or obligatory; mouth lining white to black; some adults may die after spawning.
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B. Teeth on both head and shaft of vomer; supraethmoid short, width medium to broad, notched posteriorly;
lateral-line scales 105-138; anal fin rays $-16; all have black body spots or speckling but may also have light
gpots or areas at some stages: fing without conspicuous white leading edge.

Genus SALMQ, Atlantic salmons and trouts.

BB. Teeth on head (anterior end) of vomer only; supraethmoid long, narrow, with posterior projections: lateral-

line scales 109-131; anal fin rays 8-12; body spots yellow to red or gray, never blaclk; no lateral body stripe;
white leading edge on paired fins. |

C. Basibranchial (hyoid) teeth numerous and strong; supralingual (tongue) teeth in parallel rows: pyloric
caeca 95-17T9 (average about 127-138) ; caudal fin deeply forked; pearl organs in adults: no bright colors, but
spotted with gray.; egg diameter legs than 5.0 mm.; lacustrine: diploid chromosome number 4.

Genus ORISTIVOMER, lake trouts.

CC. Basibranchial (hyoid) teeth few or missing, weak: supralingual (tongue) teeth form equal sides of an
1soceles triangle; pyloric caeca 2064 (average about 28-46, 30-99 in 8. aureolus) ; caudal fin very little to
deeply forked; no pearl organs; brightly colored in fresh water. spotted with yellow, pink, or red, lower fins
usually brightly colored; egg diameter usually more than 5.0 mm.; adfluvial, luvial, or optionally anadromous.

Genus SALVELINUS, charrs.

KEY TO SPECIES

Salvelinus. (Charrs

A. Basibranchial (hyoid) teeth absent or rare:; back with dark wavy “wormlike”’ vermiculations extending onto
dorsal fin; lower fins with white front edge followed by a black stripe: tip of lower jaw black; some of lateral
spots may be pink or red with a blue halo; roof of mouth black : end of caudal fin almost square in adults: anal fin
faleate; diploid chromosome number 84; optionally anadromous, fluvial, or adfluvial: very short migrations in
the sed. o A Salvelinus fontinalis, Speckled charr or eastern charr (eastern brook trout).

AA. Basibranchial (hyoid) teeth usually present, weak to moderate: vermiculations on back absent or faint: no
black stripe on lower fins; tip of lower jaw white to reddish: lateral spots without blue borders: caudal fin
slightly to well-forked in adults; optionally anadromous, adfluvial, or lacustrine.

B. Pyloric caeca 2039 (average about 28-29) : numerous red dots on sides {+50) smaller than diameter of pupil ;
pectoral fins very seldom if ever with white anterior margin: caudal fin almost square in adults: optionally
anadromous or fluvial; short migrations in the sea _____ o ______ Salvelinus malma, dolly varden charr.

BB. Pyloric caeca 20-99 (average about 88-46) ; spots on sides crange: all lower fins with white anterior margin ;
caudal fin weli-forked; optionally anadromous, adfluvial, or lacustrine. :
C. Maxillary extending about to posterior margin of eye: lateral spots (orange or vellowish) very small and
numerous; roof of mouth white; white margin of lower fins narrow ; adfluvial.
Salvelinus oquassa, blueback charr.
Salvelinus o. marstoni, red Quebec charr.

CC. Maxillary extending well beyond posterior margin of eye: orange or vellowish lateral spots small to large:
broad white anterior edge on lower fins, roof of mouth white to blackish: optionally anadromous or adfiuvial;
short migrations in the sea (elpinws)__.___ oo Salvelinus alpinuws, Arctic charr.

Salvelinus a. aureolus, golden charr or Sunapee charr.

Salmo. Salmons and trouts

A. Parr with small orange blotches or spots on sides adjacent to lateral line; black spots on caudal fin absent or
few; adults may have pink or blue halo surrounding black spots on body; adult & selar sebago may have some
colored spots; caudal peduncle stout or slender, anal fin rays 9-11 (complete count).

B. Teeth on head and shaft of vomer strong and well-developed : branchiostegal rays average 10.0: oblique scale
rows 116136 ; end of maxillary usually not far behind posterior margin of eye; large black spots on body with
some often surrcunded by pink or red halo: few smaller reddish spoty adjacent to lateral line: orange bloteh
on adipose usually present even in sea-run individuals, no colored lateral band: tail never deeply forked, squaze
to fan-shaped in older fish; tail unspotted; caudal peduncle stout; diploid chromosome number 80: optionally
anadromous, fluvial, or adfluvial ; short migrations in thesea___ o ____ Salmo truita, brown trout.

BB. Teeth on vomer all short, weak; branchiostegal ravs average 11.9; oblique scale rows 111-118; maxillary
extending to or slightly behind posterior margin of eye; small black spots, often x-shaped, numerous on upper
body, sometimes extending slightly onto dorsal, adipose. and anal fins: landlocked varieties may bhave some
lighter spots on body; caudal peduncle slender; no colored lateral band: caudal usually without spots, candal
slightly "to well-forked in adults; some adults die after spawning; diploid chromosome number 60; optionally
anadromous or adfluvial ; long migrations in the sea; not abundant far offshore____ Salmo salar, Atlantic salmon.

Salmo 8. gebago, landlocked salmon.
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AA. Parr with bright lateral band, usually reddish or iridescent: black spots on back, and on dorsal, adipose, and
caudal fins; adults without colored spots; caudal.peduncle stout, and anal fin rays 11-16 (complete count).

C. Usually with red streak on underside of lower jaw which may be concealed by mandible; maxillary extends
well beyond posterior margin of eye; oblique scale rows 122-208; pyloric caeca 27-40: in breeding color, belly
suffused with red, lower fing reddish; adults seldom with a red lateral band; mouth lining white; optionally
anadromous, fluvial, or adfluvial ; very short migrations in the sea.

Salmo clarki, steelhead cutthroat trout or cutthroat trout.

CC. No red streak under jaw, maxillary extends to or slightly beyond posterior margin of eve; oblique scale
rows 115-164; pyloric caeca 25-61 (average about 47) ; wide pink or red lateral band, especially bright in
spawning males; mouth lining white; some sea-run adults die after spawning: optionally anadromous, fluvial,
or adfluvial; chiefly coastwise migrations at sea____ Salmo gairdneri, steelhead rainbow trout or rainbow trout.

Salmo g. kamloops, Kamloops trout.

- Oncorhynchus. Pacific salmons

A. Lateral-line scales 160—198 (average about 184} ; branchiostegals 9-15; pyloric caeca 95-224 (average ahout 138) :
anal rays 16-20 (complete count); gill rakers 24-34 (average about 29.7) with minute teeth: large black spots
tending to oval on back and on entire caudal fin; young without parr marks; mouth lining dark: very pronounced
bump on breeding males: mature at 2 years of age; obligatory anadromous: long sea migrations; abundant far
offshore; usually less than 2,000 ova___ ____ __ o @@ Oncorhynchus gorbuscha, pink salmon.

AA. Lateral-line scales 124-165; branchiostegals 10-19; pyloric caeca 45-254: anal rays 15-22 (complete count) : gill
rakers 19-39; no black spots on lower lobe of caudal fin, may be black speckling on dorsal edge of upper lobe:
young with distinct parr marks; mature normally at ages 3-8, usually more than 2,500 ova,

B. Pyloric caeca 85-254: lateral-line scales 13{}—165- branchiostegals 10-19; anal rays 16-22 {(complete count) ;
gill rakers 19-28.
C. Lateral-line scales 130—-147 (average about 139) ; branchlmtegals 10--16; prloric caeca 140-254 (average about

205) ; anal rays 16-20 (complete count) ; gill rakers 19-26 (average about 22), rakers wide apart and without

. teeth; caudal peduncle slender; parr marks short, elliptical or oval, extending little, if any, below lateral line:
no black speckling on back or fing; breeding color anterior two-thirds of sides with bold jagged reddish line,
posterior third of sides with jagged black line: mouth lmmg dark ; obligatory anadromous, long sea migrations,
abundant far offshore__ __ Oncorhynchus keta, chum salmon.

CC. Lateral-line scales 130-165 (average about 146) ; branchiostegals 13-19; pyloric caeca 85-244 (average about

158) ; anal rays 16-22 (complete count) ; gill rakers 20-28 (average about 24), rakers wide apart with large

teeth; caudal peduncle stout; parr marks large vertical bars almost bisected by lateral line: small black

speckling on back, dorsal fin, and upper lobe of caudal fin. sometimes extending onto adipose fin and lower
lobe of caudal and faintly onto anal fin; breeding adults without red on sides; mouth lining black; obligatory
anadromous: long sea migrations: not abundant far offshore______ Oncorhynchus itshaivyischa, king salmon.
BB, Pyloric caeca 45-114; lateral-line scales 124-150; branchiostegals 11-16: anal rays 1521 (complete count) :

gill rakers 15-39.

D. Pyloric caeca 45-114 (average abt}ut 75) ; lateral-line scales 130-144 (average about 135) : hranchiostegals
11-15; anal rays 15-19 (complete count) ; gill rakers 19-25 (average ahout 21), rakers wide apart with large
teeth, none on back of second and fourth gill arches; caudal peduncle stout: parr marks large vertical bars
almost bisected by lateral line; anal fin of parr faleate with first ray whitish ; other lower fins of parr orange-
tinged and white-tipped; in adults black speckling on back, often extending along upper edge of caudal fin
and base of dorsal fin; sides of breeding adults may be suffused with light pink. but no definite markings:
month lining dark; adaptively anadromous:; long sea migrations: not abundant far offshore.

Oncorhynchus kisuich, silver salmon.

DD. Pyloriec caeca 45-114 {(average about 86) ; lateral-line scales 124-150 (average about 135) : branchiostegals
11-16; anal rays 15-21 (complete count): gill rakers 2839 {(average about 33), rakers close together with
minufe teeth and present on back of second and fourth gill arches: caudal peduncle slender: parr marks
short, elliptical or oval, extending little, if any, below lateral line: black speckling, when present, is faint,
fins without speckling, except faint speckling on margin of caudal in breeding fish: in breeding adults, body
(except lower belly) and all fins except pectorals and caudal lobes a deep erimson to brick red, head a dall
green on dorsal half, creamy white below : mouth lining dark adaptively anadromons; long sea migrations:
abundant far offshore_____ _ . _ . _____ . Oncorhynchus nerka, sockeye salmon.

Oncorhynchus n. kennerlyi, kokanee.
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APPENDIX

The scientific names mentioned in text, tables, or footnotes with their English equivalents are
listed below. The preferred common name is marked with an asterisk.

SALMONIDAE. SALMONS, TROUTS, and CHARRS

Salvelinug, CHARRS

APIRUS e Arctice charr®*, alpine charr, red Iake charr
aureclus (or alpinus aureolus) ______ __ Golden charr*, Sunapee charr
Yontinalis . __________________ ________._ Eastern charr¥, speckled charr, eastern brook trout
molmae_ . __ . Dolly varden*, dolly varden charr
rmarsiont (or oguasse marstondi) ________ Red Quebec charr
GQUASSA ___ Blueback charr
Cristivomer, LAKE TRoOUTS of LAKE CHARRS
namaycuwsh__.______ ____ _ ___ Lake trout*, lake charr, togue, namayecush
Nalmo, SALMoNS and TRoUTS
clarki__ .__ _ Cutthroat trout*, cutthroat steelhead*
clarki lewisi______ _________ ________ Black-spotted trout*, Yellowstone trout
clarki pleuriticus___ . _ ______ _________ - Ontthroat trout*, Colorado River trout
clarki selenivis_____ ____ ___ ___________ Piute trout
gatrdneri_______._________ ___ _ _______. Rainbow trout*, rainbow steelhead*
gairdneri agua-bonite_________________ Golden trout
goirdneri camloops________ __ _________ Kamloops trout
gatrdner: whitehousei_ . ______ ________ Mountain rainbow
salar__ . o Atlantic galmon
salar sebogo___ __ _______ ____ . Landlocked salmon#*, ouaniche, Sebago salmon
trutte_ . __ Drown trout, sea trout
traftatratta ______ o sea trout*, Loch Leven trout
trutte fario_ . _____ _ . ____ _ . _____ Brown trout
Oncorhynchus, PACIFIC SALMONS
gorbusche___._____ _ ___ _______ I’ink salmon*, humpback salmon
kete . _____ _ _ __ _ _ o Chum salmon#*, dog salmon
kisuteh____ _  _ _ _ _ _ o ___ Silver salmon, coho (Alaska), silverside (Columbia River)
werka_____________ _______ sSockeye salmeon, red salmon (Alaska). blueback (Columbia River)
nerkae benneriyi_ . _____ . _________ Kokanee* silver trout (Washington), little redfish
tshawytscha__ ___________________ King salmon, spring salmon (British Colunibia), chinook (Northwest),
~ tyee
maesovw _ . __ _ Masu salmon



